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Foreword 



Plants, in general, arc an inicrcsling and unique part of our world. They are nature's chemical factories. When supplied 
with minerals, water, air, and sunlight, plants synthesize all the substances that support and nourish all other life fonns. 
Growing conditions for field crops can vary from farm to farm, and even from field to field on the same farm. Many 
crop producers consider the provision of sufficient nutrients for crop plants as the "key that unlocks the door" to high 
crop yields. 

Field Crop Nutriiion ■ Applied Science Concepts is for students interested in determining and providing the proper 
kinds and amounts of nuuicnis for the field crops they produce. This student manual provides many learning situauons 
regarding field crops - for example, dctcnnining nutrient needs, diagnosing nutrient shortages, and selecting and applying 
fertilizer and lime. After .studying this manual, students should be able to select and use fertility practices for their crop 
growing siiaaiions. 



Objectives and Applications 

A list of objectives arc provided at the beginning of each chapter in this manual; practical applications and student 
exercises arc provided at the end of each chapter. To develop cffecUve field crop nutrition programs, use these objectives 
as study guidelines, and apply the exercises to ilie student's crop growing situation. 



Scionco and Math Concepts 

A li.sl oUcience concepts are also provided at the beginning of each chapter. These highlight and define the numerous 
science concepts involved in the study of plant nutriuon. Tlicsc lists will help the reader discover how science and math 
concepts relate to effective crop growing. 



Key Terms 

Each area of occupational study has its own unique terms. These terms arc just pan of the language for that area. 
Understanding these terms helps the student learn and comprehend the information presented. These key terms arc listed 
at the end of each chapter. If die student is unsure of a term, he/she should review that portion of the chapter discussing 
the term. 



As with many subjects involving agricultural production, field crop production has some complex areas of study. 
Some examples are the mathematical fomiulas used to determine the caUon exchange capacity of a soil and the phosphate 
and potash requirements. The use of these complex items will depend on the ume available and the interests of the teacher 
and students using iliis manual. 



John H. Davis, Assistant Director 

Division of Vocational and Career Education 
Agricultural Education Service 
Ohio Dcparimcnl of Education 



Roger D. Roedlger, Director 

Ohio Agricultural Education 
Curriculum Materials Service 
The Ohio State University 
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Chapter 1 



Crop Nutrient 
Requirements 



Introduction 



Plants are a vital and unique pari of our world. They can synthesize (put 
logcthcr) the substances Uicy need to stone food and grow. The required ingredients 
for this process are called elements. Plants require 16 elements for healthy growth. 
An clement that supplies nourishment or promotes plant growth is a nutrient. This 
chapter describes nutrient functions in plants and nutrient deficiency symptoms in 
field crop plants. 



OBJECTIVES 

After studying Uiis chapter you should be able to do the following: 

■ Provide the name and chemical symbol of each plant nutrient. (Chemical 
symbols are often used in place of names when referring to nutrients - for 
example, N represents nitrogen and P represents phosphorus.) 

■ Classify nutrients according to amounts used by crops. (For example, nutrients 
u.scd in large amounts produce nutrient shortages more often than do nutrients 
u.scd in small amounts.) 

■ List nutrient functions and the effects they have on crop plant growth, 

■ Identify crop plant growth charactcri.stics that signal an exi.sting nutrient 
shonagc. 
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SCIENCE CONCEPTS 

This chapter covers the following science concepts; 

■ Plants use the clcmcm.s and chemical compounds available in their environment 
as nutrients for growth and survival. 

■ Each nutrient is responsible for specific plant growth functions. 

■ Lack of a specific nutrient cau.scs specific deficiency symptoms. 




^ABll 1 tssontiQi nutnents for plant gfowth (soufces and chomical symbols) 



Nutrient 



Mydfogen 



Source 

NONMlNfRAL NUTf^lENTS 

WOtS! 
Alf 
Atf 



Chemical 
Symbol 



H 
O 

c 



MINERAL NUTRIENTS 



Primary, Major, or Macronutrlenfs 

Nitrogon 



Phosphorus 



Sa\ and fertilizer (some 
planfs use nitrogon from tt^o Qtf) 
Soii and fertilizer 
Sojl and fertilizer 



N 
P 



SQCondary or Minor Nutrients 

Coidum 

MagnosiuTi 

Sulfur 



Sot! and fertilizer 
Soii and fertilizer 
Soil and fertilizer 



Co 

s 



Trac& or MicronutriQnts 

Boron 

Monganoso 

Zmc 

Copper 

Iron 

Chlorine 
Molybdenum 



Soil and 
Soil and 



Sol! 
Soil 
Soil 



end 
and 
end 



Soil ond 
Soil and 



fertilizer 
fertilizer 
fOftiHzer 
fertilizer 
fertilizer 
ferlilizef 
fertilizer 



B 

Mn 
In 
Cu 
Fe 
Ci 
Mo 



Sixteen essi^itial nutrients arc obtained from air, walcr, soil or fcriili/cr. For 
example, as shown in Tabic IJiydrogen is obtained from water, and oxyfien and 
carbon are obtained from air. Tliesc three nutrients arc nonniineral nutrients. The 
remaining 13 nutrients arc available in the soil (and fertilizer) and arc mineral 
nutrients. The mineral nutrients arc subdivided into the following three groups and 
discussed in more detail later: 

1 . Primary, major, or macronutrients 

2. Secondary or minor nutrients 

3. Trace or micronutrients 

Table 1 also lists each nutricni's chemical symbol. 

Plants require certain amou^Us of mineral and nonmineral nutrients to maintain 
proper growth and health. For example, Figure 1 shows the amount of each nutrient 
required to produce 150 bushels of corn per acre. The total amount of mineral 
nutrients supplied by soil and fcrlili/cr (nitrogen, phosphorus, potassium, calcium, 
HKignesiuni, sullur, and micronutrienls) is approximately 626 pounds. This means 
that the remaining weight (about 95%) of the 150-bushel com crop comes from 
caibon, li>drogen, and oxygen - the nonmineral nutrients supplied by air and water. 

In addition, Table 2 gives the amounts of the primary nutrients used by several 
creeps to produce the indicated yields. These amounts vary depending on the current 
soil pro{>crtics and weather conditions. 
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ChlAPTER } 3 



INPUT 



P!!ODUCTKDN 



stalk and loaves 



StOVOf 



6.0001b 



cobs 

rl"^ \ 2,100 lb 




Used OS hydrogen 
' * ' * . and fof tionsporratior 

Primary Nutrlenfs 

nitrogen 235 lb 

phospTtofus (PyOj,) 80 lb 
potassium (K^O) 200 lb 



ron 

manganese 
boron 
zinc 

cNo^'lne 
copper 
molybdenum 



roots and 
stubbie 
7,800 lb 



. TOTAL dry 
J-^ / ; "•matter weight 

24.300 ib 



FIG. 1 . Th0 rujtilents roqulrod to produce 160 bMShels of com pef ocro 



TABLE 2. Appfoximat© pounds per acre of primary 
nutrients used by crops to produce tt^e Indicated yields 



Crop (Yloid) 


N 


P O 


ic,o 






(poondj/ocro) 




Alfolfa (6 T) 


340 • 


80 


360 


Corn (160 bu) 








Groin 


135 


55 


40 


Stover 


100 


25 




Corn - silage (26 T) 


236 


60 


235 


Grasses - cool season (3.5 T) 


140 


45 


175 


Oats (100 bu) 








Grain 


65 


25 


70 


Straw 


35 


15 


100 


Sorghum - grain (7.600 lij) 








Grain 


105 


30 


30 


Stover 


80 


50 


230 


Soybeans C50 bu) 


190 • 


40 


70 


Sugar boots - roots (25 T) 


100 


50 


250 


Tobacco - buriey and cigar filler 








Loaf (3,000 to) 


105 


25 


185 


Stems and suckers (2.000 ib) 


55 


15 


65 


Wheat (55 bu) 








Grain 


70 


36 


?D 


Straw 


30 


5 


50 



*(rocuiat0d logurnos fix nitrogen from the air. 
(CoiMfm$y NotKfnoi Piont Food lftst{tuf0) 




Highest possible yield 
3/4 of highest possible yield 
1/2 of highest possible yield 
1/4 of highest possible yield 



FiG- 2, Like a txarrel fhat holds onfy as nrxich wotef as pdnrriftdd by its shortost 
stove, a crop yteid is Jimlted by nyo nutrient in shorfast sippty. 



Treofnrtent 



Botti N and P 



Pt^osphorus (P) 



Nitrogen (N) 



No Fertilizer 




4O-bush0l yield Incroos© 



FIG. 3 Niffogen and phosphonjj fo/liUjof oppJications offGct oat crop yields. 



Nutrients must be available in adequate amounts to ensure proper plant growth. 
If even one nutrient is lacking, proper growth does not occur. For example, as 
illustrated in Figure 2, a barrel can hold only as much water as its shortest stave. 
Likewise, a crop yield can be only as high as the nutrient in shortest supply permits. 
In Figure 2, nitrogen is shown as the "shonest stave." This concept also applies to 
the other nutrients included in this figure. Nutrients needed in large amounts - such 
as nitrogen, phosphorus and potassium - are more likely to be deficient than those 
needed in smaller amounts. 



If two nutricnis arc in short supply, the addition of either may produce small 
increases in yield. When both are adequately supplied, the yield is higher. This 
effect is nutrient interaction. A graphic representation of this effect is shown in 
Figure 3. In this case, applying nitrogen increases the yield 10 bushels per acne over 
the yield produced with no fenili/er. When only phosphorus is applied, the yield 
increases 15 bushels per acre. When both nutrients are applied, the yield increases 
40 bushels per acre over tlic yield produced with no fertilizer. 



Nutrient Functions in Crop Growth 



Each of the 16 essential nutrients have specific functions in plants. Carbon, 
hydrogen, and oxygen are needed for photosynthesis and respiration. The 13 
mineral nutrients are needed for plant processes and serve as growth catalysts 
(substances that initiate a reaction) and regulators (substances that maintain order 
in a process). 



PRIMARY NUTRIENT (Macronutrient) FUNCTIONS 

Nitrogen (N) 

Nitrogen pcrfomis the following functions in plants: 

1. Prevents chlorosis (a low-chlorophyll condition) - Since nitrogen is an 
important part of chlorophyll molecules, a nitrogen shortage can cause the 
plant's chlorophyll content to decrease. This, in turn, slows photosynthesis - the 
process used by plants to :onvert carbon dioxide (COp, water (H^O), and light 
energy to carbohydrates vCH^O) and oxygen (O^). These carbohydrates provide 
the energy plants need for growtii and survival. 

2. Induces vigorous, rapid plant growth - Cell division requires nitrogen - the 
"growth nutrient." If it is in short supply, cell division slows or slops. When this 
happcas, the amount of leaf area exposed to the sun is reduced. This reduced leaf 
area then limits the amount of photosynthesis taking place. 

3. Increases protein content (9/ cr^?/?5 - Proteins are important parts of the 
protoplasm (a living pan of each plant cell). They promote the development of 
plant structure and serve as a catalyst for chemical reactions necessary for 
grow th. Nitrogen is part of the amino acids that form these proteins. If an 
adequate amount of nitrogen is present, it increases the level of plant protein. 

4. Nourishes soil microorganisms - Microorganisms arc microscopic animals or 
plants such as bacteria or prot02:oans. Nitrogen nourishes the soil micro- 
organisms responsible for organic matter decomposition in the soil. 
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NUTRtNT njNCrONS IN COOP GflOtVTM 



Phosphorus (P) 

Phosphorus is used by plains in smaller amounts than nitrogen and potassium. 
However, inadequate amounts of phosphorus can seriously affect plant growth. 
Phosphorus performs the following functions in plants: 

1. Produces early root formation and growth - Phosphorus is always found in 
abundance in young meristemalic (growth) tissue. 

2. Promotes cell division - Cells require adequate amounts of phosphorus for 
proper cell division. 

3. Supplies energy for seedling germination - An adequate phosphorus supply is 
extremely important in germination. Phosphorus is stored in the seed and 
supplies the energy needed for cell division during early growth. 

4. Aids photosynthesis - Phosphorus is needed for photosynthesis. Also, protein 
synthesis decreases when phosphorus is deficient 

5. Encourages flower formation and seed development - The early maturity and 
quality of grain crops depend upc.i adequate phosphorus supplies. 

Potassluin (K) 

With the exception of nitrogen, crop plants in general, require more pntissium 
than any other nutrient. Some plants even require more potassium than ui( -ogcn. 
Potassium performs the follov ing functions in plants: 

1. Improves stalk and straw strength - By improving stalk and straw strength, 
potassium reduces the amount of stalk and straw lodging (breaking). 

2. Aids protein manufacture - Potassium manufactures proteins from amino acids. 

3. Produces winter hardiness - Legumes and winter annual small grain crops arc 
more hardy during the winter months with adequate potassium supplies. 

4. Aids the formation and translocation (transfer) of starches, sugars, and oils to 
storage areas - Potassium helps form and transfer these energy sources to each 
plant's storage area (e.g., ear of com). As a result, seeds are more plump and 
fully developed. 

5. Improves disease resistance 



SECONDARY (Minor) NUTRIENT FUNCTIONS 

Calcium (Co) 

Calcium is necessary for plant growlli and the maintenance of a desirable soil 
pH range. It pcrforais the following functions in plants: 

1 . Promotes early root formation and growth 

2. Increases soil organism activity - Soil organisms promote organic matter 
decomposition. 

3. Improves the plant's uptake of other nutrients 

4. Reduces the solubility and toxic effects of certain elements - Calcium reduces 
soil acidity which, in turn, reduces the solubility and toxic effects of elements 
such as iron and aluminum. 

5. Bonds cells - Calcium pectate is the com»(Mid that forms the bond between cell 
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walls to hold ccl'.s together. Elemental calcium is also found in cell walls and 
forms a protective sieve that allows nutrients to enter the cell. 
6, Neutralizes organic acids in plants - Calcium neutralizes carbon-based acid 
com|X)unds present in plants. If calcium is not available, these acids react with 
other nutrients needed by the plant (e.g., magnesium). These interactions prevent 
the plant from using the nutrients. 

Magnesium (Mg) 

Magnesium, line calcium, is a nutrient that helps to maintain the correct soil pH 
and improves the plant's nutrient uptake. It also performs the following functions in 
plants: 

1 . Ls present in the chlorophyll molecule ~ Magnesium is the only mineral nutrient 
present in the chlorophyll molecule. If magnesium is deficient, there is less 
chlorophyl present. Consequently, less photosynthesis takes place. 

2. Acts as a phosphorus carrier 

3. Promotes the formation of oils, fats, and acids in the translocation of starch - 
Magnesium promotes the formation of these substances in the translocation of 
starch from the leaves to the plant's storage areas (e.g., grain). 

Sulfur (S) 

Sulfur performs the following functions in plants: 

1 . Is a part of the atnino acids that form plant proteins 

2. Promotes dark green growth - Sulfur promotes photosynthesis resulting in 
vigorous plant growth. 

3. Stimulates seed production 

4. Increases root growth and promotes nodule formation on legumes 

5. Assists development of enzymes and vitamins 

6. Is required for chlorophyll formation 



MICRONUTRIENT FUNCTIONS 

The micronutricnts, also known as trace elements, are boron, manganese, 
copper, zinc, iron, chlorine, and molybdenum. Small quantities of these elements 
arc required when compared to the amounts required of the primary and secondary 
nutrients. However, all the micronutrients are necessary for plant growth. Although 
only a trace of soine micronutricnts is required by plants, a shortage of any of them 
can cause yield losses. 

Boron (B) 

Boron performs the following functions in plants: 

1 . Enables normal germination of pollen grains and growth of pollen tubes 

2. Is required for tiornial cell division 

3. Is required for protein formation and the metabolism of carbohydrates and 
water 

4. Is essential for seed and cell wall formation. 
O . 5. Is associated with sugar translocation. 




Copper (Cu) 

Copper pcrfomis Uie following functions in plants: 

1 . Is needed for chlorophyll formation 

2, Acts as a catalyst in some plant processes (Although copp;; is required to 
promote certain reactions, it is not found in the product formed.) 

Iron (F) 

Iron pcrfomis Uie following functions in plants: 

1 . /s required for chlorophyll formation 

2. Is needed in respiration 

3. Acts CLs an oxygen carrier 

Manganese (Mn) 

Manganese performs the following functions in plants: 

1. Serves as part of the plant's enzyme system - Manganese is a catalyst and 
activates important reactions within the plant. Therefore, it is used repeatedly. 

2. Maintains chlorophyll production - A manganese deficiency reduces chlorophyll 
production, and as a nssult, limits photosynthesis , 

3. Accelerates germination and maturity 

Molybdenum (Mo) 

Molybdenum performs the following functions in plants: 

1 . Is necessary for nitrogen fixation by bacteria in legume nodules, 

2. Aids nitrate use and breakdown during protein formation 

Zinc an) 

Zinc pcrfomis the following functions in plants: 

1. Is an important part of plant enzyme systems - Zinc is responsible for protein 
fonnation. 

2. Is required for flower and seed production ~ A zinc deficiency delays plant 
maturation and seed ripening. 

3. Is required for chlorophyll production and carbohydrate formation 

Chlotine (CD 

Chlorine pcrfomis the following functions in plants: 

1. Is required in the chemical breakdown of water in the presence of sunlight 

2. Activates several enzyme systems 

3. Is seldom, if ever, in short supply in soil - Too much chlorine can be harmful to 
some crop growth and quality. 
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Nutrient Deficiency Symptoms in Crops 




sporium leaf blight. Small 

spots opear and groduoHy 

FiG 5. A corn ioaf affected by drou^fht spread across tho entire 

can roP up to tho width of a pencil, leaf surtace. 



Aficr examining Tabic 2 on page 3» it is obvious that the nulricnl rcquircmcnis 
of different crop plants can vary. For example, com requires more nitrogen than any 
other crop listed in the table, and alfalfa requires more potassium. When these 
nutrient requirements arc not met, some crop plants show distinct signs. These 
hunger signs are generally abnomial plant growth. 

Il is important to realize that in addition to nutrient shortages, other conditions 
can cause abnormal plant growth. Cold weather, disease, insect damage, and lack of 
sunlight arc all potential causes of abnormal plant growth. Chemical herbicides or 
insecticides, if improperly applied, may also cause abnormal growth. In addition, 
soil conditions, such as poor drainage and low organic matter content, influence 
plant nutrient use. As shown in Figun^ 4, poor soil drainage can inhibit com growth. 
I-igurcs 5, 6, and 7 also illustrate abnomial growth conditions caused by factors 
other than nutrient shortage. 



Some nutrient dcllcicncy symptoms {hunger sigru) are easy to identify; others 
are difficult to identify without considerable knowledge and experience. 
Unfortunately, many identifiable hunger signs occur too late in the growing season 
to pemiit correction of the problem. If tliis is tlie case, correct Uie nutrient deficiency 
the following season. Note that plant growth and yield can he affected long before 
the nutrient deficiency is severe enough to he observed on the plant. 



F!G. 7. Burned teat ftps and 
edges ore Sfgns of chomjca! 
damage 




FIG 8 ]hc probfom of detecting nutrient shortages FIG. P. Loft a corn plant that received the 

(^.iddon hufigof) t$ stilt present as yiotd QOo]s incr&Q&o corrent amount of nltfOQen; right: o corn 

plant tt>at did not receive tt>e correct amount 
of nitrogen. This plant is stunted and has 
yellow leaves. (Couft9$Yf^ffiib§rJnstirut0) 



As illustrated in Figure 8, the possibility of ^'hidden hunger" should always be 
considered - no mailer what ihc yield goal is. As "hidden hunger" implies, nutrient 
dcncicncics may not show on crop plants. Therefore, always use soil testing and 
plant analysis to determine Ihc kinds and amounts of nutrients needed. These 
diagnostic tools remove much of the guesswork in determining nutrient needs for 
each crop to be grown. They also aid in planning the best possible soil fcriility 
management program. 



PRIMARY NUTRIENT DEFICIENCY SYMPTOMS 



ct.'-^ produces yeifowfr^g 
0' owning on the fr^of tfp 




Nitrogen Deficiency Symptoms 

Nitrogen is necessary throughout the crop plant growing season. The following 
are nitrogen-deficiency symptoms: 

1 . Yellow, stunted plants - (sec Figure 9). The lower leaves, which arc older, show 
this yellowing condition first. 

2. Lower leaves with brown tips - Com, small grains, and other grass plants show 
this symptom (see Figure 10). This browning condition eventually spreads to the 
midrib and then over the entire leaf. If nitrogen is in extremely short supply, the 
upper leaves also tum brown. 

Figure 1 1 illustrates an ear of com produced with an existing nitrogen shortage. 
This ear is underdeveloped with small, glossy kernels and a tip lacking kernels. 

— - ttr 



(/oni requires more nitrogen to produce a high yield than any oihcr crop listed in 
Table 2, Therefore, it is more likely to show nitrogen dcnciency symptoms. Since 
legume crops, (e.g., airalla) make their own nitrogen, deficiencies are less likely to 
occur in these crops. 



Phosphctus Deficiency Symptoms 

Phosphorus moves freely in plant tissue. Therefore, when a deficiency occurs, 
phosphorus in older tissues is transferred to the actively growing tissues. This 
reaction retards overall growth. For this reason phosphorus deficiency symptoms 
are not as easy to identify as nitrogen and potassium deficiency symptoms. 

The following symptoms are often produced by a phosphorus deficiency: 

1 . Small, very dark ^rccn or hluish-grccn plants 

1, RciUish-purplc leaves - Some plants, such as com, show this symptom when tlic 
plants are less than one foot tail Figure 12 illustrates the effects of different 
amounts of phosphorus fertilizer on the growth of young corn plants. If 
phosphorus is deficient, sugars accumulate in the plant tissues. This 
accumulation promotes the formation of anihocyanin (a pigment causing 
reddish-purple leaves during autumn). Use caution when diagnosing phosphorus 
deficiency. Since other conditions can also cause reddish-purple leaves, check 
for other symptoms of phosphorus deficiency. 




FIG. 1 1 . Nitrogen hunger tn 
corn produces undorde 
vefoped oars: small, glossy 
kernels; and a lock of 
k^fTteis ot the tip 



3. Small, nvisicd ears of corn with underdeveloped kernels - Phosphorus shortages 
interfere with {X^Ilination and kernel fill of the ear (see Figure 13). 



Note: Conducting a plant analysis or soil test confirms the existence of a 
{Phosphorus deficiency. 






FiG. 12. Varying tho onnount of phosphorus apfjrfiod to corn pkints 
affocts the plants growth, (Couff&$y Pofa^ onc'Phosphofa y^fffut^) 



RG 13 Phosphorus do^- 
ciency produces short, 
curved eors with undof- 
developed kefr^els 



] 2 *^A(^y NUTRIENT (XnCliNCY SYMPTCm 




fiG 14 PotossHinn dofi 
cioficy cousos the plant 
itx:t ^'ps nnd eclyes to turn 
b'ovvn Of yoliow 



Potassium Deficiency Symptoms 

Plants require more potassium than ihcy require of oilier nutrients. For example, 
some crop plants require more potassium than nitrogen (sec Tabic 2 on page 3). The 
following arc symptoms of potassium dcncicncy: 

1. Premature leaf death - When a potassium shortage exists, the nutrient moves 
from older leaves to younger leaves. Con.scquently, the older leaves die 
prematurely. Initially the leaves turn yellow or brown at the margins, but 
eventually they turn completely brown (sec Figure 14). 

2. Wcali stalks and straws - A potassium deficiency produces this symptom on 
corn and small grains. Lodging (breaking of the stem) eventually occurs (see 
Figure 15). Figure 16 shows the stalk and car of a potas.sium-dcficicnt plant and 
those of a healthy plant. 

3. Stunted ears of corn and "chaffy" kernels - These potassium deficiency 
symptoms in com arc shown in Figure 17. If you twist these ears :n your hands, 
the ears feel spongy. 

4. Poor quality soybean seed - Potassium deficiencies discolor and disfigure 
soybean seeds. Figure 18 shows the difference between normal soybeans and 
those produced under potassium-deficient conditions. A potassium shortage also 
affects soybean grain quality. 





FiG 15 PoTosium aeficiency causes wooK corn stalks like 
fhoso shown on fhe right. (Comtosy Potash cinci Phosphate instiMa) 



FIG. 16. Loft normai oar ana tlaU; /^f- eor ana stoUc with 
DOtassium def icioncy f Cour/Mf Pototti and Phospfto* livtiivt»y 
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FIG U. Potassium doficiency 




SECONDARY NUTRIENT DEFICIENCY SYMPTOMS 

Calcium Deficiency Symptoms 

Calcium is an immobile element. That is, it docs not move from the older plant 
tissues to the younger plant tissues. Consequently the following symptoms arc 
produced: 

L Underdeveloped terminal huds - The young leaves in terminal buds have a 
hooked appearance and die back at the lips and along the leaf margins. 

2. Wrinkled leaves 

3. Leaf margins marked with a light green hafid 

4. Short, heavily branched roots 

5. New leaves with almost colorless tips - This symptom occurs in com and small 
grain crops. 

6. New leaves that are still folded and not fully emerged - This symptom is seen in 
com and small grain crops. The leaves arc not fully emerged and are covered 
with a gelatinous material Uiat causes them to stick together. 

Magnesium Deficiency Symptoms 

During a magnesium deficiency, magnesium readily moves from older plant 
tissues to the younger tissues. Thcreforc, as with nitrogen and potassium, deficiency 
symptoms often appear first on the lower leaves. These symptoms include the 
following: 

1. Leaves with white tissue between the veins In many plants, such as soybeans, 
leaf tissue between tlie veins turns white and the veins remain green (see Figure 
19). As the leaves age, the leaf tissue turns uniformly pale, then yellow, and 
eventually brown. 



2. Leaves with curled margins 




Sulfur Deficiency Symptoms 

Tlic atmosphere supplies large amounts of sulfur. Each year rainfall deposits 15 
to 25 pounds of sulfur per acre in the soil. Sulfur is also contained in commercial 
fertilizer, and it is seldom in short supply for crop plants in the eastern regions of 
Uic com belt. If a shortage does occur, the symptoms arc as follows; 

1. Similar to nitrogen deficiency - Sulfur deficiency symptoms are similar to 
nitrogen deficiency symptoms with one exception: sulfur does not move from 
older to younger plant tissues when a deficiency is present. 

2. Stunted young plants 

3. Light green to yellow leaves -The leaf veins remain lighter in color than other 
leaf tissue. 

4. Thin r spindly stems 



MICRONUTRIENT DEFICIENCY SYMPTOMS 

Boron Deflclertcy Symptoms 

Boron deficiency symptoms are more likely to occur in crops grown in alkaline 
(high lime), sandy, or low organic matter soils. Also, periods of high rainfall or dry 
weather can reduce boron availability. Alfalfa, sugar beets, and clover are crops 
most likely to show deficiency symptoms. Since boron does not move from older 
plant tissues to younger tissues, deficiency symptoms usually appear in young 
leaves at the top of the plant and also at growing points. These deficiency symptoms 
follow: 

1 . Yellow or red leaves at the top of the plant - This symptom occurs in alfalfa and 
clover. The terminal buds may also die. 

2. Stunted plants with few flowers 

3. Dark brown spots on the root (beet) of the sugar beet plant - This symptom 
sometimes appears as dry rot. 

Copper Deficiet)cy Symptoms 

Like the other micronutrients, plants need copper in very small amounts. 
Normally, copper shortages are not a problem in most crop growing situations. 
However, deficiency symptoms are most likely to appear in alfalfa, wheat, and oats. 
Soils in which shortages arc more likely to occur are peats; mucks; and light-color, 
upland soils. Qimaiic conditions influence copper availability in soils. For example, 
high temperatures combined with high moisture may cause copper to be bound by 
soil organic matter. 

Tlic copper deficiency symptoms for wheat and oats are the following: 

1 . Twisted, gray leaves 

2. Dead leaf tips 

3. Young seed heads that are bending over 

4. Poor seed set - Yields may be only one-half to two-thirds of nomial yield. 



The copper deficiency symptoms for alfalfa are the following: 

1. Stunted plants 

2. Yellow leaves 

3. Dropping of bottom leaves 

Iron Deficiency Symptonts 

Although iron deficiency symptoms are rarely a problem in field crops, sorghum 
can show deficiency symptoms if the soil is poorly aerated due to packed, wet 
conditions. On the other hand, ornamental plants, such as roses and azaleas, more 
often show iron deficiency symptoms. The following iron deficiency symptoms are 
moro common in soils with adequate nitrogen levels and high lime content: 

• Pale, yellow tissue between leaf veins - The leaf veins remain green. As the 
deficiency progresses, the entire leaf becomes yellow and eventually turns white. 



Manganese Deficiency Symptoms 

Manganese deficiency symptoms usually appear in crops grown in peat or muck 
soils, and in mineral soils with a high lime content* In addition, cool temperatures 
can increase the severity of manganese deficiency. Plants in poorly drained areas 
frequently show the most marked deficiency symptoms. The following deficiency 
symptoms appear initially on the plants' older leaves: 

1. Yellow tissue between leqf veins - The veins remain green. 

2. Dead spots in yellowed tissue - This symptom occurs as the deficiency 
progresses. 

3. Severely stunted plants 

If soil pH is low, manganese may become so available that it produces a toxicity 
in tiic plant. This results in crinkled, curied leaves. 



Molybdenum Deficiency Symptoms 

Legumes need molybdenum for the fixation of atmospheric nitrogen by soil 
bacteria. Therefore, a molybdenum deficiency in legumes (e.g., soybeans and 
alfalfa) prevents nitrogen fixation, resulting in a nitrogen deficiency. The following 
are molybdenum deficiency symptoms: 

1. Yellow leaves - This symptom is similar to that caused by nitrogen deficiency. 

2, Stunted plants 

Zinc Deficiency Symptoms 

Com is one of the crops most sensitive to zinc deficiency. This deficiency 
occasionally occurs in soils with unusual conditions; for example, soils with a high 
lime and phosphorous content. Light-color, sandy soils; badly eroded soils; and 
subsoils may also be low in zinc. A zinc deficiency usually occurs during the plant*s 
eariy growtli period and produces the following deficiency symptoms: 
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1. Yellow-Streaked leaves - This occurs in com leaves, particularly at the base of 
newly emerging leaves in the whorl. Young buds turn white or light yellow in 
early gromh. For this reason zinc deficiency in com is sometimes called "white 
bud." 

2. Stunted plants with yellow tops - A severe zinc deficiency produces this 
symptom. 

3. Immature plants - This symptom occurs in soybeans. 



Chlorine Deficiency Symptoms 

Chlorine is essential for crop growth and is seldom, if ever, lacking in soils. 
However, too much chlorine is hamiful to some crops such as tobacco, soybeans, 
potatoes, and some tree crops. 



The following exercises should help you gain knowledge and gather the 
infomiaiion required to make correct crop management decisions. Check the box 
when each item is completed. 

1. Determining nutrient functions 

Resources 

• Notebook 

• Chapter 1 of this manual 
Procedure 

□ Reproduce the following chart in your notebook. Leave enough space to 
list nutrients and the indicated information. 

□ Group nutrients according to nutrient type: primary, secondary, or 
micronulrienis. Enter these in your chart. 

□ Record the functions of each nutrient in your chart. 



/ 
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NUTRIENT FUNCTIONS 



Nutrient 
Name 



Chemical 
Symbol 



Nutrient 



Type 



Important Functions 



Example: 
Sulfur 



Secondary 



• Forms plant proteins 

• Stimulates seed production 

• Increases legume root growth and nodule 
formation 
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2. Identifying nutrient deficiencies (hunger signs) of crop plants 
Resources 

• Plants showing nutrient deficiency symptoms 

• Color slides of plants with nutrient deficiencies 

• Color photographs of plants with nutrient deficiencies 

• Descriptions of nutrient deficiency symptoms found in this manual 

Procedure 

□ Reproduce the following chart in your notebook. Leave enough space to 
enter the indicated information. 

□ Examine live plants, color slides, and photographs 

□ Complete the chart for each nutrient deficiency noted. Group nutrients 
according to nutrient type; primary, secondary, or micronuirienis. 



NUTRIENT DEFICIENCY SYMPTOMS - Hunger Signs 



Deficient 


Nutrient 


Crop 


Growth 


Description of 


Nutrient 


Type 


Affected 


Stage Affected 


Hunger Signs 


Example: 










Phosphorus (P) 


Primary 


Com 


Mature; 


• Small, curled ears 










• Immature kernels on one side 










of cars 



Performance Checklist 

The following arc examples of nutrient deficiencies to include in your chart. If you include them, check 
ilie appropriate boxes. 

□ Nitrogen deficiency - com plant and developed ear 

□ Phosphorus deficiency - young com plant and developed ear 

□ Potassium deficiency - com plant and developed ear 

□ Magnesium deficiency - com and soybean plants 

□ Boron deficiency - alfalfa and/or clover plants 

□ Zinc deficiency - com plant 

9Q 
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Chapter 2 

Soil Chemistry and Plant 
Nutrient Absorption 



Introduction 



Chapter 1 discussed ihc 13 mineral nutrients required by plants. Although some 
plants need large amounts of nutrients and others need very small amounts, all 13 
mineral nutrients are vital for good plant growth. 

This chapter describes nutrient reactions in the soil and the consequent plant 
nutrient absorption. If you understand these concepts, you can provide better soil 
fertility conditions for your crops. 



ERLC 



OBJECTIVES 

After studying iliis chapter you should be able to do the following: 

■ Explain the difference between an clement md a compound. 

■ Explain the difference between an atom and an ion. 

■ Describe how fertilizer salts react in the soil. 

■ Describe how nutrients arc held in an exchangeable form. 

■ Explain the cation exchange capacity (CEC) of a soil. 

■ Explain plant nutrient absorption. 

19 
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SCIENCE CONCEPTS 

This chapter covers the following science concepts: 

■ Soil is fomied through a number of processes. 

■ Numerous chemical reactions must take place before plants can obtain needed 
nutrients. 

■ Certain elements and chemical compounds have positive (+) electrical charges; 
others have negative {-) electrical charges. 

■ The electrical charge of an element or compond determines how it will react 
with other elements or compounds. 

■ Compounds are transformed through chemical reactions occurring in the soil. 

■ Nutrients arc able to move through the soil 



Elemental Nutrients and Compounds 

When referring to plant nutrients, we generally use the element name - for 
example, nitrogen, phosphorus, and potassium. However, when a nutrient is in its 
elemental form, it is usually not available for plant use. To be available to plants, 
this elemental nutrient must combine with another element (or elements) to form a 
compound. 

Following are three examples using the primary nutrients to illustrate the 
concepts of compound formation and the resultant nutrient absorption; 

1. NITROGEN 

In its elemental form, nitrogen is a gas that comprises about 21 percent of the 
carth^s atmosphere. However, it cannot be used by plants in this gaseous state. 
Therefore, nitrogen must combine with another clement to fomi a compound before 
it can be used by plants. For example, when one part nitrogen combines with tlirce 
parts oxygen, the compound nitrate (NO3) is formed. A^so, when one part nitrogen 
combines with four parts hydrogen, the compound ammonium (NH^) is formed. 
Both of these compounds make nitrogen available for plant use. Plants commonly 
obtain most of tlicir nitrogen from tlie nitrate compound (NO^). 

2, PHOSPHORUS 

Phosphorus is seldom found in its elemental form because it is very unstable. 
When exposed to air it bursts into flame; therefore it must be immersed in water. 
Consequently, phosphorus is typically found and used in the compound form: 
phosphate (H^PO^). 

ER?C ?6 




3, POTASSIUM 

Potassium (like phosphorus) is unstable in its elemental form. Since it bubbles 
violently when immersed in water, it has very little practical use in this form. 
Therefore, potassium must be combined with another clement(s) to be useful. 
Potash (KjO) is the form in which most potassium is supplied to soil. 



Properties of Atoms, Ions, and Salts 



Each particle of soil, organic matter, or plant nutrient carries an electrical 
charge. This electrical c .^rge is either positive (+) or negative (.-). How nutrients 
react in the soil and eventually become available for plant use is determined largely 
by the electrical charge each nutrient carries. Like charges repel each other, unlike 
charges attract each other. Consequently, the like poles of magnets repel each other, 
and the unlike poles attract each other. 

Clay and organic matter particles in the soil carry negative (-) charges; many 
plant nutrients carry positive (+■) charges. If plant nutrients carry positive charges, 
they are attracted to the negative charges of the clay and organic matter particles 
(see Figure 21). Therefore, these plant nutrients are held in the soil. On the other 
hand, if the plant nutrients have negative chaiges, they arc repelled by the clay and 
organic matter particles. Wliat happens to these negatively charged nutrients is 
explained later. 



piont nutitont 



n«Oatlve)y charged soil cy 
Ofgonic matter portlcles 




repol 



poiBtvtly chwfltd negatively charged soli or 
p4ant nutitti organic matter particles 




FIG. 21 . Top- like chorges repel each otfief. 
Bottom Unlike chargoj attroct ooch other. 
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ATOMS AND IONS 

An atom is the smallest existing particle of an element. When the atoms of two 
different elements combine, a compound is fomied. The previous seaion described 
the formation of the plant nutrient compound nitrate (NO, - the element nitrogen 
combined with the element oxygen). In such a reaction, the chemical elements 
change from electrically neutral (neither positive nor negative) atoms to electrically 
charged ions. An ion is an atom or a combination of atoms having either a positive 
(+) or negative (-) electrical charge. An ion carrying a positive charge is called a 
cation; an ion carrying a negative charge is called an anion. Since nitrate (NO3) and 
phosphate (H^POp carry negative charges, they are anions. 



SALTS 

Plant nutrients added to soils through commercial fertilizers arc usually salts. 
Some nutrient salts dissolve in the soil solution (soil water); others are more stable. 
When stable salts dissolve in the soil solution, the free ions react with ions present 
in the soil. These reactions form new salts that arc more insoluble than the original 
salts. Thus, depending on the nutrient's solubility, one of the following two 
conditions can exist in the soil: 

1. If a nutrient salt is very soluble or unstable in the soil solution, it dissolves 
completely; therefore, plants are able to absorb it very easily. This is the case 
with nitrate (NO,). Also, since nitrate completely dissolves and becomes a part 
of the soil solution, it can be leached (dissolved out) from the soil by water 
drainage. 

2. If a nutrient salt is converted to a very stable form, only a small supply of 
nutrient is immediately available to the plant. However, as the plant absorbs this 
supply of nutrients in the soil solution, the stable salt slowly dissolves. This 
process allows the nutrient to be held in reserve until it can be used by the plant. 
Phosphate (HjPO^) is a salt that reacts in this way when applied to the soil. 



Plant Nutrient Sources in the Soil 



0.5 to 5% 
orgonic maftor 




FIG 22 Composition of a 
tvpicai minofof soil 



As shown in Figure 22, soil is composed of minerals, air, water, and organic 
matter Soil nutrients are supplied to plants through the following means (sec Figure 
23): 

• Weathering of rocks 

• Decomposition of organic matter 

• Soil solution transportation 

Two other nutrient sources are shown in Figure 23: commercial fertilizer and 
limestone. These two sources, needed foi most crop growing situations, arc added to 
tlic soil as supplements. 




Waathoring Recks 



FIG. 23. Pkant composjtton Is coofroflod by genetics (inherited chafocteristics) and idi and environmental conditions. 



WEATHERING OF ROCKS 

The weathering or breaking down of rocks forms the mineral pan of the soil 
and supplies some nutrients (see Figure 23). During weatliering the action of water, 
air, arid extreme temperature changes breaks down large rock fragments into small 
soil particles (sec Figure 24 on page ?4). These soil particles often contain large 
amounts of phosphorus, potassium, calcium, and magnesium. (Molybdenum, 
manganese, boron, copper, iron, and zinc are also usually present, but in much 
smaller amounts.) As shown in Figure 23, soil minerals are not a source of nitrogen; 
however, nutrients have been added to the soil to meet plant requirements. The 
quantity of each nutrient present depends on the rock from which the soil was 
formed - that is, whether the rock was shale, sandstone, or limestone. This rock is 
called parent material. 

Even though the rock or parent material is broken down into small panicles 
during weathering, the nutrients are not available for plant use. Weathering is a slow 
process, and in most soils it cannot provide enough nutrients for good plant growth. 
Further action by water, air, and temperature is required to convert the nutrients to 
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compounds available for plant use. This is also a slow process. For example, it is 
estimated that the mineral part of some soils may contain as much as 40,000 to 
60,000 pounds of unavailable potassium per acre at plow depth. However, there 
may be only 200 to 300 pounds per acre at plow depth in a fomi available for plant 
use. 

DECOMPOSITION OF ORGANIC MAHER 

Organic matter is an important reservoir of nutrients. Crop residues and manure 
contain considerable amounts of nitrogen, phosphorus, and sulfur. Soil organic 
matter holds these nutrient ions in an exchangeable form. (This is discussed in 
more detail beginning on page 25.) In order for these nutrients to be converted from 
an organic compound element (unavailable to plants) to an inorganic compound 
clement (available to plants), organic matter decomposition must occur. This 
decomposition is done by microscopic organisms that digest plant residues (see 
Figure 25). These soil microorganisms are very sensitive to environmental 
conditions. Therefore, organic matter decomposes best under the following 
environmental conditions: 

1 . Soil temperatures are 75° to 90° F (24.08° to 32.48** C) 

2. Soil pH is above 6.0 

3. Soil has moderate but not excessive amounts of moisture 

4. Soil has nomial proportions of solids, water, and air. If a soil is waterlogged (ex- 
cess moisture), it docs not contain enough air for microorganisms to decompose 
organic matter. 

During decomposition, organic matter is converted to carbon dioxide, water, and 
gas. However, a small amount of nitrogen and minerals remains as humus (organic 
part of the soil). 




F!G 24. Large rocks ore broken down into srrtall parfk;l«j through ttie 
weathering action of water, air, and extreme temperature chonges. 




FIG. 26. Plants take up soil nutrionts ttirough their root hairs. As nutrients 
are removed from the soil solution, thay are replaced with nutrients 
from the soS minerais and organic rrxjfter. 



SOIL SOLUTION TRANSPORTATION 

As shown in Figure 22, soil contains about 25 percent water (soil solution). This 
soil solution provides a means for some nutrients to move into plant roots, but very 
small amounts of plant nutrients are found in the soil solution of low-fertility soils. 
However, even in very fertile soils, plants could not survive if they had to depend 
on only the soil solution nutrients. 

Under actual growing conditions, plants remove nutrients from the soil solution. 
But, as these nutrients are removed, nutrients from the soil minerals and organic 
matter replace them (see Figure 26), Thus, the amount of plant nutrients in the soil 
solution remains constant. Fertile soils have enough reserve nutrients in soil 
minerals and organic matter to replace those removed from the soil solution. 
Infertile soils cannot supply enough nutrients to the soil solution from reserves in 
the soil minerals and organic matter. 



Plant Nutrients Held in an 
Exchangeable Form in the Soil 

As mentioned previously, the atoms of the clay and organic matter particles have 
a negative electrical charge. These negatively charged particles are often referred to 
as exchange sites. Since ions with opposite charges attract each other, positively 
charged plant nutrient ions are attracted and held by the soil's negatively charged 
clay and organic matter particles. 
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TABLE 3. Essential plant nutrients, their chemicol symbols, sources, and amounts in soils 





1 

IONS TAKEN UP 
BY PLANTS 




WANT NUTOIENT CONTENT OF 
A FERTILE StLT LOAM SOIL 


Elom^nt 


Chamtcai 
Symbol 


t 
i 

Ion 


Ch#mlcal 
Symbol and 
Electricol 
Chatgm 


Mojor 
Sourca 

In tKA 

HI 11 iV 

Sou 


TCTOt 

Amount 

(Lb/A) 


Amount 
Availabt* 
According to 
Sou Tatt 

{LD/A} 


Nitrogen 


N 


Nitrate 
Ammonium 


NOj 
NH/ 


Organic matter 




NO reiiaDie lesT 


Ptnosphorus 


P 


Pho^hate 




Orrtrtnlr* mnttftf 

Soli minerals 


2,000 


50 


Potassium 


K 


Potassium 


K* 




40,000 


200 


Catcium 


Ca 


Calcium 


Ca*- 


1 1 nil 1 o 1 \ji 9 


10,000 


6.000 


Magnesium 


Mg 


Magnesium 


Mg^ 


oOil minerujS 


8.Q0O 


500 


Sulfur 


S 


Sulfate 


SO, 


Soil minerals 
i<ainwuT©f 


2,000 


No reliable test 


Manganese 


Mn 


Manganese 


Mn** 


Soli minerals 


2,000 


80 


Boron 


B 


Borate 


H,BO, 


Organic matter 


100 


2 


Copper 


Cu 


Copper 


Cu*^ 


minerals 
Orgonic matter 


100 


No reliable test 


Znc 


2n 


Zinc 


Zsr* 


ooif mineral? 
Organic matter 


10O 


50 


iron 

I 
! 




Ferrous 


Fe** 


Soil minerals 
Organic matter 


50,000 


No reliable test 


Molybdenum i 

1 

I 


Mo j 


Mdybdate 


MoO, 


Soil minerals 
Organic matter 


2 


No reliable test 


Chlorine i 


CI 

i 

1 


Chloride 


CI 


Soil minerals 
Rainwater 


VariQbIa 


No reliable test 



•No reliOblG test for ovailobto fNtfogen, Oigank: rrotter t^t 1$ usod to ^timate tho N-suppiylng powef of the soil. A soil organk: matter 
content of 3 percent supplies 50 to 90 pounds of N. 



Tabic 3 lists the plant nutrients and their electrical charges. It also shows that the 
nutrient ions of ammonium (NH^), potassium (K), calcium (Ca), magnesium (Mg), 
manganese (Mn), copper (Cu), zinc, (Zn), and iron (Fe) carry positive charges. All 
positively charged plant nutrient ions held by the soil particles are exchangeable. 
The following explanation of the action of hydrogen and aluminum ions clarifies 
tliis term. 



HYDROGEN AND ALUMINUM IONS 

The acid-causing ions of hydrogen (H) and aluminum (Al) are positively 
charged. Therefore, they attach to the exchange sites (-) of clay and organic matter 
panicles. Tlie reaction occurs in the following way: 

1. First, the exchangeable plant nutrients are held on the exchange sites of the soil 
(clay and organic matter particles) (see Figure 27). Although this prevents them 
from leaching into the soil solution, these nutrients are readily available to 
plants. 




Exchange $it« on soli cloy turfoc* 

(Partjde is negotlvQiy charged.) 




FfG. 28 Tho plonf takefi up three AxchongocbkJ potassium lorvs (K*) frcxn the SJjrfcsce of the ctoy porticla through tfko soil 
solution. At ttio somo tlnr>e. tw^o hydrogon ions CH*> and one aluminum fon move from tt^e iOi\ solution to reploce tt^ 
potassium ions on tt>o clcy particio. 



2. Next, the clay particle exchanges a nutrient ion (K^) needed by the plant for an 
unnecdcd ion (H^ or AI*) from the soil solution. These exchanges occur at the 
exchange sites on the clay particle. In Figure 28 three potassium (+) ions move 
from the exchange site on the clay particle to the plant. They are replaced on the 
clay particle by two hydrogen (-f ) ions and one aluminum (-f ) ion that move from 
the soil solution to the clay particle. 
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Cloy or orgonic mofftr poillclt 

(negatively charged ions - anions) 



FIG. 29 If the plant nutrionts calcium (Co**), magnesium (f^**). and 
potassium (K*) movo into the soil solution and no feftlltrer is OfDplfdd 
Qva^tabte in the soil to reploce thorn, hydrogen (H*) and aluminum 
(Af) ions fopkDcethem 



TABLE 4. ApproJdmato range of CECs 
for diffofent soil textures 





CEC Rang» 


Soli Texture 


(n^iliequfva tents) 


Coarse (sands) 


5 to 15 


Medium (silts) 


8 to 30 


Fine (clays) 


25 to 50 


Ofganlc soils 


50 plus 



To summarize, one positively charged ion is exchanged for another positively 
charged ion. If no potassium, magnesium, or calcium nutrient sources are supplied 
to a soil, this process reoccurs for each nutrient until there is a concentration of 
hydrogen and aluminum ions on the exchange sites (see Figure 29). Then the soil is 
acid and infertile. 



CATION EXCHANGE CAPACITY OF SOIL 

Soils can be classified by the amount of cations (positively charged ions) they 
can hold. Those soils high in clay and organic matter content have high cation 
exchange capacities (CEC). Table 4 gives the approximate CEC*s of four soil 
textures. 

The CEC is measured in milliequivalcnts per 100 grams of soiL A 
milliequivalent is one milligram atomic weight of hydrogen, or the amount of any 
other ion that combines with or displaces this same amount of hydrogen. Since the 
procedure for determining a millequivalent value is complicated, it will not be 
described here. However, remember that CEC value represents the soil's ability to 
hold necessary nutrients in reserve. 

As shown in Table 4, the cation exchange capacity of a coarse soil is very low 
compared to other soils. This is due to coarse soil's low clay and organic matter 
content, A coarse soil is infertile because it cannot hold many positively charged 
nutrients on its exchange sites to serve as nutrient reserves. 



CHAPJiR2 29 



Plant Nutrient Absorption 



Tlie plant's root system performs the following important functions: 

1. Anclwrs the plant in the soil 

2. Absorbs nutrients - The majority of the plant's nutrients arc absorbed through 
the root system. This process is called absorption. 

3. Stores food - Potato and sugar beet crops store food in their roots. 

Most of the plant nutrients are absorbed at the root hairs of the root system (see 
Figure 30), These root hairs serve as a screen or sieve when plant nutrients enter the 
root system. In other words, they arc selective in the kinds and amounts of nutrients 
ihey allow to enter the root system. 




FIG. 30. The root half^ absofb 

As the root hairs absorb nutrients, they also expel waste elements. Among these nrx»tof m© ptants nutrtonts 
waste elemeiits arc positively charged hydrogen ions (cations) and some negatively 
charged ions (anions). As the hydrogen ions (4-) separate from the root, they leave 
negative charges on the root hair surface. Then the positively charged nutrient ions 
arc attracted to these negative charges on the root hair surface. (Refer to Table 3 on 
page 26 for electrical charges of nutrient ions.) Similarly, the release of negatively 
charged ions causes the root hair surfaces to be positively charged. Therefore, 
negatively charged nutrient ions are attracted to these positive charges on the root 
hairs (see Figure 31). 

The nutrients attracted to these negative and postive charges arc supplied to 
plants in the following ways: 

1. Mass flow - This is the movement of nutrients from the soil solution (water) into 
the roots. As transpiration takes place in the plant leaves, the water in the roots 
moves to the leaves where it is most needed. This lowers the water pressure in 
the roots. As a result, the water pressure in the soil is now greater than the water 
pressure in the roots. Absorption takes place and water moves from the soil 
solution into the roots (see Figure 32). Mass flow plays an important part in 
moving water-soluble nutrient ions into plants. 




FIG. 31. y4: If the foot hairs hove a negative (-) chorgo. thoy attract nutrients FIG. 32. When tt^ water pressure In tt^ root hairs towers due 
hovlr^ a positive charge (+); B: If ttie root hafrs have o positive charge, tt>ey to transplraffon. water-soluble nutrients move by mass flow 
attract nutrients having a r^ative ctvirge. into ttie ptant. 
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2. Root interception - As Uic roots and rooi hairs grow, ihcy penetrate the soil In 
turn, the root hairs come in direct contact with the nutrient ions held on the 
exchange sites of the clay and organic mailer panicles. In other words, ihc roots 
intercept the nulrient ions on the exchange sites (sec Figure 33). 

3, Diffusion - As roots absorb nutrients, ihc nuiricnl-ion concentration in the area 
immediately suirounding the root hairs decreases. Now the soil outside this area 
has a higher nuiricni-ion concentration. So, nutricni ions in this high-concentra- 
tion area diffuse or move inlo the low-concentration area (near the root hairs) 
(sec Figure 34). 



fOOT 




FIG. 33. As fcxjts and toot hair$ grow, thdy come \n contact v^th nutrient ions held on ttve 
$oi} exchange sites (cfoy and organic rrtatter porflcles). This is called roof intorceptton. 
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Plant Nutrient Selection 



After nuiricnts arc absorbed by roots, they move through the xylem (conducting 
tissue of the plant) to other plant parts, especially the leaf. The leaf is where the 
majority of food manufacture takes place. 

Each plant species has different food-manufacture and growth processes. As 
discussed in Chapter 1 - Table 2. the amount of nutrients needed and used is 
different for each species. If an adequate supply of all needed nutrients are available 
and absorbed by the plant, certain plant cells determine the amount of each nutrient 
to u.sc. The action of these cells is detennined by genetics (inherited characteristics). 
(Review Figure 23 on page 23.) These cells also determine the kind of organic 
compounds each plant species produces. For example, soybean seeds contain more 
ilian three times as much protein as com seeds. This is one reason why soil testing 
laboratories require information about crops to be grown before making fertility 
recommendations. 



•.. exchange site : ' ''' 
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Chapter 3 



Determining Nutrient 
Needs of Crops 



Introduction 



High crop yields demand highly fcnile soils. These high yields improve 
production efficiency and arc necessary for you, as a crop producer, to make a 
profit. For these reasons, you must be sure that any controllable production factors 
do not limit crop growth or quality. For example, new crop varieties and hybrids 
capable of producing much higher yields make greater demands on soil fertility. 
Unless these greater demands arc met, you cannot lake advantage of the high-yield 
capacities of these new varieties and hybrids. To produce high crop yields, all the 
nccessar)' nutrients must be available in sufficient amounts. 



OBJECTIVES 

After studying this cliaplcr you sliould be able to determine crop nutrient needs 
by using the following procedures; 

■ Dctenninc the crop yield goals for each crop - Crop yield goals are needed to 
submit a soil sample for testing, to dctenninc the amount and kind of fertilizer to 
apply, and to prepare an accurate budget. 

■ Prepare a .soil map - This map shows soil types, field boundaries, and field 
numbers. It also ix'rmits more efficient soil sampling. 

■ Prepare a crop use chart for each field - This chart shows the acres of each soil 
type, field numbers, and yield goals for each crop to be grown. A crop use chart 
also increases Uie accuracy of .soil test and crop yield records. 

■ Obtain representative soil samples - A representative sample provides a clearer 
picture of the soil type being tested. 

■ Prepare each soil sample for laboratory testing - A carefully prepared sample 
aids in obtaining accurate test results. 
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■ Provide the needed information when submitting soil samples for laboratory 
testing In order to receive accurate recommendations, requested information 
must be provided for all the soil types and/or fields sampled. 

■ Select the kind(s) of soil tests to be made - The previous crop growth and crop 
yield records arc used to detcmiine the soil tests to be made. 

■ Interpret the soil test reports - These reports are used later to determine the 
amount, kind, and application method of lime and fertilizer. They must be 
accurately intciprctcd. 

■ Obtain a representative crop plant sample for plant analysis - This sample must 
be representative to ensure an accurate analysis, 

■ Provide information requested on the plant analysis questionnaire - When 
submitting plant samples for analysis, information regarding plant growth, soil 
conditions, soil test data, and fertilizer must be included, 

■ Interpret the plant analysis report - This report must be interpreted correctly to 
remedy any detected nutrient deficiencies or excesses, 

SCIENCE CONCEPTS 

This chapter covers the following science concepts: 

■ Many factors affect plant growth. 

■ Several factors affect the nutrient levels needed for optimum plant growth - two 
of these factors are the soil's cation exchange capacity and degree of acidity, 

■ The degree of soil acidity (H'' and Al* ions present in the soil) controls nutrient 
availability. 

■ Climatic conditions affect soil pH. 

■ A soil's cation exchange capacity affects that soil's reserve acidity. 

■ Exchangeable elements must be present in suitable ratios in order for all ele- 
ments to be available. 

■ Representative soil sampling requires following a systematic procedure. 

■ As the number of individual soil samplings increases, so does the chance that 
mixing these samplings provides an accurate representation of the area to be 
tested. 

Determining Yiel d Goals 

Ii is important to accurately estimate yields for the crop(s) to be grown. This 
estimate helps determine the amount of lime and fertilizer to use. Therefore, when 
submitting soil samples for testing, also provide yield goals for each crop to be 
grown. This information increases the accuracy of the lime and fertiliser 
recommendations you receive. Do not select yield goals based on a neighbor's yield 
from the previous yean Also, do not select a yield goal based on desired 
expectations. A yield goal based on fact provides true crop growing conditions, 
resulting in accurate lime and fertilizer application recommendations. 

3t3 




ERIC 



To determine realistic yield goals, consider your soil assets. Also consider past 
performance and planned future performance for each crop to be grown. Following 
arc some important management practices for maintaining or increasing yield goals: 

1. Use recommended hybrids or varieties. 

2. Use llie most effective methods for weed, insect, and disease control. 

3. Use rccommcnded tillage practices for tlie soil type(s) being cropped. 

4. Use recommended planting practices. 

5. Use the amount and kind of lime and fertilizer specified in soil test 
recommendations. 

6. Use recommended harv^esiing procedures. 

As outlined above and illustrated in Figure 35, many factors influence yields. 
Therefore, if low yields arc obtained year after year» consider mJcing changes in the 
crop management practices being used. 



PROCEDURES FOR DETERMINING CROP YIELD GOALS 

As evident from the information presented in Chapter 2, potential yields vary for 
different soil types. Agricultural research has determined the potential crop yield for 
major crops grown on most soil types. This information is available from the 
Cooperative Extension Service in most states. 

A review of this information reveals that yield goals can vary widely within a 
soil region depending on the soil type, slope, and erosion. Therefore, it is not 
unusual for a farm to have two or more soil types with different yield potentials. 

You must identify the soil lypc(s) that you arc dealing with to properly use 
potential crop yield information. The following text explains how soil type 
identification can be done. 




f\G. 35. Crop ylokSs are affoctad by nxmy foctofi. 
(Court0fy Pofcsf/T and Phosphoim lnitihit0> 
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Soil Map 

Aerial photographs of most individual farms are available at your local county 
Soil Conscrvalion Service office. An individual fami ownermay also have an aerial 
photograph of his or her farm. If no photograph is available, the county Soil 
Conscr\'aiion Service can assist in obtaining one. Using this aerial photograph, a 
soil map can be prepared. Yield goals for the crops to be grown in each field can be 
determined from this map. A sample map (shown in Figure 36) includes the 
following infonnation: 

1. Field boundaries 

2. Permanent fences 

3. Land use (e.g., cropland, pasture, woodland, farmstead, and similar uses) 

4. Field acreage 

5. Location of ssreams, ditches, wet spots, and similar features 

6. Soil type symbols 

Items 1 through 5 above arc each represented by a separate symbol when 
appearing on a soil map (see Figure 37). Since space is limited on farm maps, 
s>mbols arc used to represent soil types and corresponding descriptive infomiation. 




The following soil symbol systems are currently in use: 

• Numbering system 

• Lettering system 

For example, Figure 36 shows seven soil types on this farm. Each soil type is 
rcprcsenicd in both letters and numbers: 693/C-2 is a symbol from the numbering 
system; CdC2 is a symbol from the lettering system. Both of these symbols 
represent the same soil type. The name of this particular soil is Cardington. 



Farm boundary 



Existing fence 



Propo'jeci fence 



Existing living fence 



Proposed living fence 



Field bourxiop/ - no fence 



Connected areas 



■"0 — U" — 



3: 



Paved road IJiLDXLimX] 



Unpoved road 



Private road or ion© 



Railroad [ | | | | | | 
Field number 
Farnn buildings 



Continuous stream 
small 

large 




Intermittent stream or open 
outlet ditch - uncrossable 



Grass waterway 



Diversion ditch 



Terrace 



Pond 



Cultivated land 



Permanent pasture 



Woodland 



Idle land 




Wildlife W 



Marsh or permanently wet land l^fl/}^^ 



Spfirig O ^ 
Deep gully 



FiG. 37. Soil mop symbols 
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The numbering system (e.g., b93/C-2) has been used for many years. Older soil 
maps u.sc this symboling system. As shown in Figure 38, the ihrcc-digit number 
above the line (693) describes the soil type. The first digit in this number describes 
the soil origin and position; the second digit describes the rock (parent material) 
from which the soil was formed (sec Table 5); and the third digit describes the soil 
profile or natural drainage (see Table 6). If a founh digit is present, this indicates 
the soil is of a texture other than silt loam. In other words, if the fourth digit is 
missing, the soil type is silt loam. Table 7 lists these numbers and their 
corresponding soil textures. In Figure 38, the letter below the line (C) indicates the 
slope percentage. Table 8 gives these letters and their corresponding slope 
percentages. The single-digit number (2) following the slope percentage indicates 
the amount of erosion. Table 9 lists these numbers and ihcir corresponding amounts 
of erosion. 




Slope '" 



I Numbering Lotterlng 

I System System 

I ^ _ . 

FIG. 36 The numbering end lettering systems for soil nnops 



TABLE 5. Description of the first digit of the soil numbering system 



1 

First Dfglt 


Position and Origin 


Oevelopnn^nf 


1 


' 1 

First bottom or ailevial 


Flood plains 


2 Of 3 


Second bottom ex terroce 


Old glacial flood plains 


4 or 5 


Upland 


Residential (not glacfatod) 


6 or 7 


Uplond 


Wisconsin 


7 or 8 


Upland 


Illinois glaciated 


9 


Upland 


Lacustrine (fom^d from 



old \okQ bods) 



TABIE6 Doscnption of tho tr^ifd 
digit of the soi! numbering system 



TASlE 7. Description of the fourth 
digit of the soil numbering systenn 



Third Digit 

(Pfofiio Number) 




1 

2 
3 
4 

5 or 6 
7, 8. or 9 



Notural 
Drainage 

Poor 
Fair to poor 
Moderately wGi{ 
Wet! 
Excessive 
Poor 



Fourth Digit 

(Texture Number) 



0 
1 

2 
3 
4 
5 
6 
7 
8 
9 

No number 



- -43 - 



Texture 

Description 



Sand 

Loamy sand 
Loamy fine sand 
Sandy loom 
Fine sandy foam 
Loam 

SHty clay loam 
Cloy loom 
Silty clay 
Cloy 
Silt loom 
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The lettering system (e.g., CdC2) is newer than the numbering system and will 
eventually replace it. Symbols used in the lettering system may vary from county to 
county. Although the soil type may be the same, different letters may be used to 
represent it. Therefore, if a soil map uses the lettering system, check with your local 
District Soil Conservation Service before interpreting the symbols. In this particular 
example the first two letters (Cd) are the soil type symbol (sec Figure 38). The letter 
(C) following the soil type symbol indicates the slope percentage (see Table 8). The 
digit (2) following the slope p>crccntagc symbol indicates the amount of erosion (see 
Table 9). However, if the erosion is 0 or 1, no digit is used. No symbol is u.scd to 
describe soil texture in the lettering system. 

Determining the Yield Goal 

One way to record information about fields to be planted is to draw a map for 
each field. These field maps show each field *s number, soil type(s), location, and 
acreage. A sample field map is shown in Figure 39. 

TABLE 8. The amount of slope TABLE 9. Amount of erosion 

as designated by letters* as designoted by a number* 



Slop# P©fc«ntag© or Digit Amount of Erosion 

Number of Feat 

Letter Fail In 100 Feet 0 More than 14 Inches of topsail 



A 


Oto2 


1 


Slight erosion. 7 to 1 2 inches of 


B 


2 to 6 




topsoil 


C 


6 to 12 


2 


Moderate erosion, plow layer mostly 


D 


12to 18 




topsoil with some subsoil 


E 


18 to 25 






F 


25 to 35 


3 


Severe erosion, plow layer mostly subsoil 


G 


35 or mofG 


4 


Severely eroded and gullied land 



'in the lotterlng system, no tQxtufO description is 'in the soi! lettering system the single-digit number follows the 

gN/en. slope fetter unless tfie erosion is 0 of 1 - tt^n no digit Is given. 



-^52 or BnB 
B-] 




9A 












^"^^ Of CdC2 
C-2 


7 A 






14 A 




or PwA 

A-0 





Scale: 2" * 500" 



FIG. 3P. FiQ\d map 



TABLE 10. Yield gool clctorminotion form 



Yield Goal Determination 



fiOidNo. 
lotal acres 
Crop 



1 

Corn 



SOIL CHARACTERISTICS 



ChofactorlsKc 



Map 
Symbol 



Chcracferistfc 
of Area 



Soil texture 

Slope 

Lfosiof^ 

Naturol drainage 



Soii orici*n 
^ 



No number 



Sill loam 
2% 10 6% 

Slight 
r-air u> p(H>r 
Wisconsin ^laciiued 



SOIL TYPE 



Map 
Symbol 



692 
or Bn 



Son Typo 
of Area 



Bcnninglon 
siil \oiun 



Soil toxtufe 

Slope 

Trosion 

Nntural dfoinoge 
Soil oriqtn 



! No nuiuhcr ; 

' c : 

f - . . 

. . - t 

I 3 : 

i 

6 ^ 



Sill loam 
6% 10 12% 
Moderate 
Modoralciy well 
Wisconsin i^hiciaicd 



Soif fextcire 

Slope 

Erosion 

Notural ciruinacjo 
Soil oriyir^ 



I No nuni[>or 
I A 

T 

i 

1 



Silt loam 
()U>2% 
None lo slight 
Poor 

Wieonsin nlacialcd 



SojI texture 

Slope 

Erosion 

Noturol dfuinoge 
Soil or,gin 



693 
or Cd 



Cardinglon 
sill loam 



69H 
or I V 



Pcwaino 
sill loam 



ACRES 



Acro5 of 
Each Soil Type 



14 



POTENTIAL 
CROP YIELD 



Unlls 
per Acre 



Pofenftal for 
Each SoH Type 

('Jn(ts/A X Acrp?) 



160 Ini/A 



1,440 bu 



170 hu/A 



I.IW bu 



ISObii/A , 2,520 iMi 



YIELD 
GOAL 



5.510 l)u 
(total ) 



or 



170 bii/A 



In order to collect all the information needed to make yield goal dcienninations, 
use a chart similar to Table 10. The infomiaiion used to complete Tabic 10 can be 
obiained from the following sources: 

1. Soil characteristics - Determine soil characteristics by interpreting soil type 
map symbols. Use the field map in Figure 39 and Tables 5 through 9 in this 
manual. 

2. Soil type - Soil type names are also determined by interpretation of the map 
symbols. Obtain the soil type names corresponding to the map symbols from 
your District Soil Conservation office, Coo|>eraiive Extension Service, or soil 
survey reports (if your county has been surveyed). 

3. Acreage - If the map is drawn to scale, accurate acreages can be easily 
determined. Otherwise, the Soil Conservation Service or the Agricultural 
Stabilization and Conservation Service may be able to provide acreage 
estimates. Estimates based on information known about the field (e.g., 
approximate distance between field boundaries) can also be used. 

4. Potential crop yield - Dctenninc the potential crop yield for the identified soil 
characteristics and types by using information obtained from the Cooperative 
Extension Service or other reliable sources. 

5. Yield goal - The information provided in Tabic 10 provides a sound basis for 
determining yield goals. You can choose an appropriate goal by using this 
information and carefully considering the degree to which each crop 
management practice will Ix: carried out. 

Example - The field map in F-igure 39 gives information regarding field soil types, 
soil characteristics, and acreage. Table 10 gives the information taken from Figure 
39, plus the crop yields as determined from information provided by the 
CoofKrativc Extcrision Ser\'ice. 



Diagnostic Methods for 
Determining Nutrient Needs 

As illustrated in Figure 40 on page 42, you can diagnose fertility needs or 
nutrient shortages by using iJie following methods: 

1. Field trials - used extensively by researchers to compare different fertility 
levels 

2. Soil testing - laboratory proccdinvs used to determine nutrient shortages in the 
soil 

3. Plant analysis - laboratory procedures u.sed to dclennine nutrient shortages in 
crop plants 
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FIELD TRIALS 

Field trials arc used to compare yields resulting from tiic application of different 
kinds and amounts of plant nutrients, and to study nutrient application methods. In 
addition, agricultural researchers use field trials extensively for comparing other 
crop production practices. 
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PiG 40. Fortiitty needs con bo diagnosed by fiold Vicls. plont onaiyses, 
and sot[ tosts 



Observation of nutrient deficiency symptoms is one part of the field trial 
procedure. Since deficiency symptoms can often be observed in areas of low soil 
feriiliiy or nutrient imbalance, you can "let your eyes be the soil test/* 
Unfortunately, by the time symptoms can be observed, it is usually too laie to 
correct the problem during the current growing season. 



SOIL TESTING 

Most states have soil testing laboratories operating as part of the state's 
agricuUural research system. The Cooperative Extension Service assists in 
transporting soil samples to these laboratories. Also, soil testing services are 
available at some private laboratories. These lalx^ratorics can usually he contacted 
ilijough busi)iesses selling fertilizers or other nutrient additives. 

To a great exteii . soil testing removes the guesswork from deternuning tlie 
fertility needs for crop production. However, all soil testing procedures must be 
carefully perfomied. Otherwise, test results may be misleading and of limited value. 

In general, conduct soil tests on all agronomic crop-producing fields about once 
every three to four years - that is, on fields in which corn, small grains, soybeans, 
and hay crops are grown. Fields in which vegetables and other high ca.sh value 
crops are grou-n may need to be tested more frequently. 

The following items must be considered to receive accurate soil test results: 

1. When to sample fields 

2. How to sample fields 
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Crop 



Corn 

Soybocns 



Wheat 

Oats 

Alfalfa 

Sorghum 

Grass 



JOfl. 



Mor. 



Apr. 



Kilay 



JUM 




1st Choice? - Most suitofch'e timo 



2nd chotee 



3fd choiCQ - foost suitabte tlnr»Q 



FtG. 41 . The best tinnes for taking soil sarrvDles depend on tho crops harvestod. 



3. How to prepare samples 

4. What information to provide regarding the sampled field 

5. How to interpret test reports 

6. How to keep test result records 



When to Sample Fields 

Soil samples may be taken whenever soil conditions arc suitable. Considering 
the crop to be grown and using good common sense are probably the best guides 
when determining tlic most appropriate time to take samples. 

For example, take samples well in advance of the next crop growing season. 
This gives you plenty of lime to interpret laboratory reports and decide the kind and 
amount of lime and fertilizer to use. Figure 41 shows the periods during the year 
that arc most suitable for sampling fields for different crops. Generally, the best 
time to sample most fields is shortly after harvest. At tliis time the field condition 
and accessibilily arc usually more suitable. Plus, you have a cicaivr picture of areas 
with poor crop growth and low yields. Take separate samples of Uiese areas. 



How to Sample Fields 

Soil test results can never he more accurate than the soil sample submitted. 
Taking a representative soil sample of a field is an exacting task, so give careful 
attention to the procedure used. Each sample should be comprised of many 
individual cores (or samplings) from one area. It is important to realize that each 
core taken represents a very small portion of a field's total soil volume. For 
example, an acre of soil with a depth of nine inches has a volume of 32,670 cubic 
feet. The representative soil sample submitted for testing this acre measures about 
one cup. If the area sampled is 10 acres in size and the cup-size sample came from 
one gallon of cores, the ratio of sample volume to total soil volume w^ould be 
appn^ximalcly 1:2,500,000. 
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FIG A2. Tho light or^ri rick soils in tht? pho^ogroph indicote thi$ ^eiU hos 
d'ttt?rent SOI! t\;>os Do not rr^m soil ^'pes whon takif^g samples 




43 TfTt.' sec* on o' ^His ftoia conrrnrvr^g a soii typo d'^forent tr>on 
^f"t> fost of the ttoia is ^oo smoii ro t>e trectocl sopuratoly. 



SAMPLE BY SOIL TYPE 



If ilie field to be tested has different soil types, 
take a separate soil sample for each soil lypc. 
Different soil types may have different textures, 
slopes, colors, organic matter contents, and fertility 
levels. Today's larger farms and fields typically 
have fields comprised of more than one soil type 
(sec Figure 42). 

What do you do if the soil test results for one 
field are different for each soil type? If this occurs, 
treat each soil type separately, if possible. If this is 
impractical, meet the needs of the major pan of the 
field. Apply the kind and amount of lime and 
fertilizer recommended for the majority of the soiL 
Use your own judgment to deiemiine if an area is 
large enough for its own fertilizer and lime 
treatment. For example, a section of the field shown 
in Figure 43 contains a ditTcrcnt soil type but is loo 
small 10 be treated separately. 

Field number 2 in Figure 44 has two different 
soil types. Each of these areas should be sampled 
separately. Figure 44 also suggests taking 15 cores 
for sample #1 in field 2 to make it representative of 
that entire area. 




CHAPJEns 45 



SAMPLE TO THE CORRECT DEPTH 

Soil test values for phospho- 
rus, zinc, and organic matter 
can be greatly affected by the 
depth at which cores arc taken. 
Tliereforc. when taking cores be 
certain to include llic plant root 
zone. For cultivated field crops, 
take cores to a deptli of eight to 
nine inches so they include the 
root zone (see Figure 45). When 
growing a pcnnancnt pasture 
(blucgrass and other turf or 
lawn grasses), take cores to a 
depth of three inches (sec Fig- 
ure 46). 




FIG. A5. Fof cutttvatod fioW crops, take soli cxkbs to a dopfh of 8 to 9 inch€>5. 
(CourtBsy Agrvnomy form, 7h^ ONo SFata Univsnffy) 




SOIL TESTING EQUIPMENT 



The following tools can be used for taking 
soil cores (sec Figure 47): 

• Soil prolxi 

• Soil auger 

• Spade 

Soil probes and augers are preferred over spades 
because they both take uniform amounts of soil 
from a definite depiti. 




FIG. 47 Tools used for sot! sompfinQ - 
left to nght- soil pfotx>. soif augm, ond spado 

r 1 
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Place all ihc cores from a particular soil area in a suitable container (e.g., a one- 
gallon plaslic bucket). The container must he clean. This is especially imponant if 
niicronutricnt analyses are to be done. Also, do not use a metal bucket for collecting 
and mixing cores to be analyzed for micronutrienis. Soil mixed in a galvanized 
bucket may pick up /.inc from the bucket coating and contaminate the sample. 

If several areas are to be sampled, have a supply of plastic or paper bags 
available. Each area to be sampled should have a designated bag. Place any cores 
collected from a particular area in that area's designated bag. Clearly indicate on 
each bag the soil area from which the cores were taken. 

OTHER SAMPLING PROCEDURES 

Avoid ihe following areas of a field when collecting soil samples: 

1. Rows in which row crops (e.f^. corn) were previously grown - Banded areas of 
feriili/cr in the rows can make the test inaccurate if cores are taken from these 
field locations. 

2. Turn rows or other areas where lime or fertilizer may have been spilled - Extra 
amounts of supplements can also make the soil test inaccurate if cores arc taken 
from these locations. 

3. Strips near trees or old feme rows - Nutrients present in these areas may be 
abnonnally ih jh or low when compared to the soil where crop growth is normal. 

4. Dead furrows - An area of little or no crop growth (Plant growth may be 
present,) 

5. Any areas in which crop growth differs from the rest of the field - If these areas 
arc large, lake separate samples from each area. 

NUMBER OF CORES TO COLLECT 

As previously stated, the purfx)se of taking several soil cores in one area is to get 
a rcprcscniaiivc sample. Laboratory test results are no better than the representative 
sample submiiied. As illustrated in Figure 44, take at least 15 cores to make up a 
representative sample from each soil area. If the area is large or lime and/or 
ienili/,er has been broadcast in the an:a, take 20 to 30 cores. 

U' you take the recommended number of soil cores for your area, one or two 
unrepresentative cores will not affect the test results. This can be compared to 
dissolving one lump of sugar in a gallon of water: the i onccntration decreases as the 
total volume increases. 



How to Prepare the Soil Sample 

Alter taking all the cores for a particular area and placing them in ilic designated 
bag, prepare this representative sample in the following manner: 

1. Break up any lumps or clods in the representative sample. Then spread out the 
soil to dry (see Figure 48). If you cannot break up the lumps and clods due to 
excessive soil moisture, allow the sample to air dry first. Do not dry it with 
anificial heat ~ this can alter liie sample analysis. 
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2, Next, thoroughly mix the entire contents of the 
representative sample. Colled approximately one 
cup of soil for laboratory testing. 

3. If you are submitting several representative samples 
for testing at the same lime, clearly mark each 
sample in the drying area. This prevents sample 
mix-up. 




FIG *38. CorofulV separote ond mork eoch sample 

tx?tng aif Clf>GCi. (Courf^sy C /? fndltne) 

m 

Providing Information about the Sampled Field 

Specific information is needed when submitting the representative soil sample 
for laboralor>^ analysis. The kind and amount of infonnation can var>' depending on 
where the analysis is to be made. Tor example, in Ohio, if the Research-Extension 
Analytical Laboratory is making the laboratory analysis, the samples arc usually 
submitted through the county cooperative extension service office (see Figure 49). 
Figures 50 and 51 show a sample agronomic soil lest fonn. Ttie following infonna- 
tion is generally requested on these fonns: 

K Sample identification - This can be a single digit, live digits, or a combination 
of digits and letters up to five spaces. The crop producer selects a different 
identification code for each sample. 

2. Number of am's represented by the sample - The number of acres represented is 
usually from a single-crop Held. 

3. Amount of lime applied to the field during' the last two years - This aids the soil 
analysis laboratory in making lime application recommendations. 

4. Plowinfi depth - Tliis is needed to determine the amount of lime to apply. (The 
relationship between plowing 
depth and amount of lime is 
explained later in this chap- 
ter.) 

5. Type of fertilizer recommen- 
dation desired - This can be 
the annual application rate, 
the annual application rate 
plus buildup, or a starter Icr- 
l i 1 i / c r r e c 0 m m c n d a t i 0 n . 
("Buildup" is associated with 
soil phosphorus and potas- 
sium and will be explained 
later,) A "starter fertilizer 
recommendation" is a modi- 
fied recommendation pro- 
vided when starter fertilizer 
will be used with row crops. 

ERIC - - - 




FiG. 49, This crop prcx^ucer is submitting f>i5 soif samples end forms 
to the county coopefotive oxten&ion sorvice offtce 



AGRONOMIC SOIL TEST 

(ACCURACY OF RECOMMENDATtONS DEPENDS ON THE COMPLETION Of THIS FORM) 



PLEAS€ READ BACK OF FORM FOft JNSTRUCTIONS 



SOIL ANALVSIS DIVISION 
THE RESEARCH - EXTENSION ANALYTICAL LABORATORY 
THE OHIO STATE UNIVERSITY 
OHIO AGRICULTURAL RESEARCH AND DEVELOPMENT CENTER 
OHIO COOPERATIVE EXTENSION SERVICE 
HAYDEN HALL. GERLAUGH DRIVE WOOSTER, OHIO 44691 T#i«phon» t2ie> 263 3760 
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USE CROP CODES FROM BACK PAGE 
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RETURN THIS SHEET; do not put sheet in plastic bag with soil 

TO AVOID DELAY. SEND SAMPLES VIA FIRST CLASS MAIL, MAKE CHECKS PAYABLE TO: O A R. D C. R E A L. 
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Sampling Instructions 

Sample each av^ea having a differant soil, cropping history or previous lime and fertilizer treatments as 
follows: ~ 

1 . Sample top 8 Inches of soil or to plow depth (top 3 inches for established bluegrass pastures) 
at 15 or more random locations. 

2. Mix all soil w ell, completely AIR dry soil, and mix It again. 

3. Place one half pin t of soU In clean, plastic bag INSIDE cloth bag provided. 

4. Complete a separate sample information sheet for each GROWER. 

5. Make checks payable to O.A.R.D.C. R.E.A.L.; Fees given below. The analytical fee does n^t 
include the postage fee. 

8. Take all samples and Information sheets to your County Extension Office or mail directly via 
riRST CLASS MAIL to the Soil Analysis Diviswn, Research- extension Analvticai Laboratory. 
O.A.R.D C. Wooster. Ohio 44691. 

^ "'zr \o-Tin row crop* sample top one Inch and top ^Ight Inches soil at fifteen or nore andcm 
'ocations. Keep samples of each dep^h separate and follow steps 2 through 3. 3e 3ure 'o jse 
^he :crrect code 'cr 3 no-till crop. Make sure GR OWER sample ; dentiticatlon ;s^he same *cr 
hojh "he zne .nch sample and the aight nch sample. This ^vill irbup :he 'wc sar^cies "cgethef 
3 oair. The analysis fee for the one inch sampie 's the same as for the aight nch sarricie. 
Onlv iime recommendations will be made for the one Inch sample. SEE ACCITICNAL INFCRMA- 
TION BELOW. 

3. 'nclude Sludge REAL lab number from sludge snalysis ^eoor* if Sludge aoplicaticn recom- 
.Ttendations are needed. Fee Is additional $15.00 per soil sample, 

9. For assistance with filling out this form. CONTACT YOUR LOCAL COUNTY COOPEPATIVE 
EXTENSION OFFICE. 



CROP CODES 



Crop* 



Code 



YIELD GO ALS 
Example 



Alfalfa or {Clover) 
Alfalfa Spring Seeding 
Alfalfa Seeding 



Barley 

Bluegrass Pasture 
Bluegrass Seeding 



Com 

Corn - No TUI 
Corn Silage 

Forage Legume & Tall Grass {Orchard- 
grasSr Fescue, Bromegrass, etc.) 



ALF 
ALP 
ALS 

BAR 
BGP 

_BGS 

CRN 
CNT 
SCR 
FTG 



Forage Legume and Tall Grass Seeding 
Forage Sorghum, Sudangrass or Hybrid 
Oats 



FTS 
FSS 
OAT 



4.0 


T/A 


m 


ALF 040 


3 0 


T/A 


ss 


ALP 030 






s 


ALS — 


65 


Bu/A 


ar 


BAR 065 


2.0 


T/A 


s 


BGP 020 








BGS — 


125 


Bu/A 




CRN 125 


125 


Bu/A 


K 


CNT 125 


20 


T/A 


s: 


SCR 020 


4.0 


T/A 




FTG 040 






m 


FTS - 


4.0 


T/A 




FSS 040 


100 


Bu/A 




OAT 100 



Popcorn 
Rye 

Small Grain with Forage Seeded 



POP 
RYE 
SGF 



3150 #/A 
30 Bu/A 



POP 315 
RYE 030 



Sorghum - Grain 
Soybeans 
Soybeans No Till 
Sugarbeets 



Tail Grass {Orchardgrass. Fescue, 

Bromegrass. etc) 
Tail Grass Seeding 
Tobacco 

Wheat or (Buckwheat) 

Pickles 

Potatoes 

Spettz 

Sweet Corn 

Tomato 

Sunflower 



SGG 
SYB 
SNT 
^BT 

Tgr^ 

TGS 
TOO 
WHT 

PCK 

POT 

SPN 

SWC 

TOIW 

SFL 







K 


SGF • - 


115 


Bu/A 


SC 


SGG 115 


40 


Bu/A 


X 


SYB 040 


40 


Bu/A 


m 


SNT 040 


20 


T/A 




SBT 020 


4.0 


■ t7a" 




TGR 040 








TGS — 


2600 


»/A 




T08 260 


50 


Bu/A 




WHT 050 








PCK 








POT 


90 


Bu/A 




SPN 090 






X 


SWC 








TOM 


1000 


«/A 




SFL 100 



AJ^PJTJ.ONAUN^^^^ 

STANDARD TEST includes pH; lime deficit; available phosphorous; exchangeable potassium, calcium and 
magnesium; cation exchange capacity; and percent base saturation for MHI per sample. The following 
ADDITIONAL TESTS are offered: Organic Matter for $2.00. Available Manganese for $3.0L. Available 
Zinc for $3.00, Available Boron for $3.00, Heavy Metals for $17.00 (Total Zinc, Copper, Chromium, Nickel, 
Lead and Cadmium). Analytical data resubmitted for fertilizer recommendations for additional crops Is $2.00 
per crop (double cropping etc). 

5f; 



F(G. 51 . AyfonorT>jc so^l test fofm • hack page (CouriesYR0!^^ch'kxtonsionAr^^^>ca!loborotorY. OAf?DC. Woo$mr. Ohio) 



6. Crop(s) to be grown and the yiela goal - Figure 5 1 shows the coding system for 
reporiing crop yield goals. 

7, Cropland in rotation - List crops in the order Ihcy will be grown in llie rotation. 
Begin with the last crop harvested - for example, com-whcat-alfalfa. 

8. Permanent pasture 

9, Lawn or other turf growth - For example, golf courses 

10. Greenhouse crops to he grown 

1 1 . Garden or truck crops to be grown 

1 2. Specific problems with the soil from which the representative sample was taken 
- Provide any pertinent information - for example, landfill area or stunted crop 
growth. 

13. Testis) desired - These arc listed on the form. 

Note - The amount of livestock manure applied is not requested due to the wide 
variance in the way this product is handled on farms. If livestock manure is properly 
handled, it contributes to the soil nutrient supply. The degree of contribution 
depends on the amount applied. More information regarding livestock manure is 
provided in Chapter 4. 

Available Soil Tests 

Tlic Research-Extension Analytical Laboratory provides the following soil 
testing services: 

• Standard test 

• Available manganese 

• Available zinc 

• Available boron 

• Organic matter 

• Heavy mclals (discussed on page 62) 

STANDARD TEST 

The Standard test provides the following information: 

1 . Soil pH - Gives the active soil acidity or the concentration of hydrogen ions in 
the soil .solution 

2. Lime test index - Gives the soil's total acidity - the soil solution's acidity plus 
the reserve acidity (concentration of hydrogen and aluminum ions on the 
exchange sites of clay and organic matter particles) 

3. Available phosphorus - Gives the pounds of available phosphoms in the soil 

4. Exclian^calyle potassium - Gives the pounds of potassium on the exchange sites 
of the soiTs clay and organic matter particles. This potassium moves into the soil 
solution and can be immediately used by plants. 

5. Exchangeable calcium - Gives the pounds of calcium on the exchange sites of 
clay and organic matter particles. This calcium is readily available for plant use. 

6. Exchani^eable magnesium - Gives the pounds of magnesium on the exchange 
sites of a soil. It is readily available for plant use. 
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7. Cation exchange capacity (CEC) - Measures the soil's capacity to hold 
exchangeable cations on the clay and organic matter particles. This capacity is 
given in milliequivalenis (meq) per 100 grams of soil. (See Chapter 2 for an 
explanation of CEC.) A soil with a high CEC (e.g., 30 meq) can hold more 
cations of potassium, calcium, and magnesium than one with low CEC (e.g., 10 
meq.) Also, a soil with a high CEC may be more acid because it can hold more 
acid'Causing ions (hydrogen and aluminum). 

8. Percentage base saturation of Ca, Mg, and K - Indicates the percentage 
saturation of the soil CEC by each of these elements. This ratio is considered 
when dciemiining what type of lime should be applied and whether Mg should 
be added to ilic soil to prevent grass tetany (mineral imbalance) in ruminants. 

AVAILABLE MANGANESE. ZJNC. AND BORON 

Shortages of manganese, zinc, and boron exist in some areas. Tests are available 
to delect shortages of these micronutricnts. 



ORGANIC MAHER CONTENT 

This test determines the percentage of organic matter in a soil. This percentage is 
sometimes used to estimate the amount of available nitrogen, 

NITROGEN CONTENT 

The nitrogen sources available for plant use are nitrates and ammonium. Nitrates 
(NO3') are negatively charged; therefore, they do not attach to the clay soil particles. 
As a result they move in solution with the soil water. Ammonium (NH/) is 
positively charged, but when the soil temperature rises above 50"^ F, ammonium 
rapidly changes to the nitrate form (NO, ). Any soil test made today for soil nitrogen 
content can have considerably different results six months from now. Therefore, the 
Research-Extension Analytical Laboratory does not perform a soil test for nitrogen 
content. 



Interpreting Soil Test Reports 



Figure 52 on page 52 shows a soil lest report issued to a crop producer by the 
Research-Extension Analytical Laboratory. A great deal of information is included 
in this one-page report form. The upper right portion of the report fomi gives lime 
and fertilizer recommendations based on the soil test results. The crops to be grown 
and tlicir yield goals are givtn in llic left portion of tlie form, near the top. 



SAMPLE IDENTIFICATION 

There arc several procedures used by soil analysis laboratories for sample 
identification. The first of these is the crop producer's sample ID (identification) 
which appears in the upper left portion of the report fonii, near the top. Each soil 



JOE FARMER 

LAB NUMBER 35164 

REFER TO LAB NUMBER TO IDENTIFY 

SAMPLE IN FUTURE CORRESPONDENCE 

SOIL BAG NUMBER ID07793 



YOUR SAMPLE ID 10 
ACRES REPRESENTED 
YEAR CROP 



YIELD 
GOAL 



TH« OhkQ Sum Unjv«rfMy 
M»M»rc(i.Exf«5«^ Atwlytkttl lob 

WooMf, (Mo 44691 

LIME AND FERTILIZER RECOMMENDATIONS 

ANNUAL PLUS i DIL BUILDUP RE^! OMUEUL^hT tON 



LIME 
T/A 



NiTROGfcH 
N Lb/A 



FHOSPHHfE 
P*:05 LB/A 



t: on ME NTS 

SEE BELOW 



LAST CORN SILAGE 

1990 SOYBEANS 

1991 CORN 

1992 SOYBEANS 



50, 0 BU/A 
150 . 0 BU/M 
50. 0 8U/A 



o 

0 



4 0 
40 



4iJ 



V ON LIGHT COLORED OR 
< TOTAL APPLICATION 



IMPERFECTLY DRAINED SOILS. 
NOT TO EXCEED 200 LBS N UH 



APPLY AN ADDITIONAL LE; 
LIGHT COLORED SOU'S, 



H/A 



JOE FARMER 



STANDARD TEST RESULTS 
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ib/A 
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GROWER COPY 



sample submitted for testing must have an identification code. To avoid confusion, 
each soil sample's identification code is different than identification codes assigned 
to other samples. Also, each soil sample submitted for testing is given a laboratory 
number. This number appears at the top left of the form. Finally, each soil sample 
is given a soil bag number which also appears at the top left of the form. The crop 
producer refers to this soil bag number when corresponding with the laboratory 
about the soil sample. 

The following text explains each item appearing in the lower portion of the form 
in Figure 52. 



SAMPLE INFORMATION 

Tlic following items are listed under "Sample Infomiation" in Figure 52: 

1. Plow depth - This information is needed to determine the amount of lime to 
recommend - for example, the deeper the plow depth, the more 'ime required. 

2. Lime applied during the last two years - This helps dctemiine how many tons of 
lime arc needed. 



ANALYTICAL RESULTS 

The remainder of the information in the lower portion of the report form in 
Figure 52 gives analytical results obtained in the soil testing laboratory. Most of 
tlicse results arc obtained through complex chemical and mathematical procedures. 

The following items appear under "Standard Test Results" in Figure 52. 



SoilpH 

Soil pH measures the soil's active acidity. As shown in Figure 53 on page 54, 
pH is measured by a single-digit number or a decimal. Figure 53 also shows the pH 
ranges in which different crop plants grow satisfactorily. A soil pH between 6.0 and 
7.0 is best for growing most field crops on mineral soils. 

Acid and alkaline ranges also appear in Figure 53. A pH of 7.0 is neutral: it is 
neither acid nor alkaline. Soils with a pH of above 7.0 are alkaline; soils with a pH 
below 7.0 arc acid. Most soils in the humid, temperate, crop-growing areas of the 
Midwest lend to be acid or slightly acid. This is due to the removal of calcium, 
magnesium, and potassium by crops and leaching. A soil's parent rock also 
influences pH. Soils formed from sandstone and shale arc naturally more acid than 
those fomied from limestone. 



SOIL ACIDITY AND NUTRIENT AVAILABIUTY 

Soil acidity affects the availability of some nutrients present in the soil. As 
shown in Figure 54 on page 55, when soil acidity increases, iron, aluminum, and 
manganese may become more available. In fact, they may become so abundant that 
they have a toxic (poisonous) effect on plants. Iron and manganese are needed in 
very small amounts by plants; however, too much of either has a harmful effect. 




In acid soils» iron and aluminum may combine with the soiTs phosphorus to form 
phosphate compounds- When this occurs, the phosphorus is no longer available to 
plants. 

If the soil pH is above 7.0 (uncommon in the midwcsicm and southern states), 
boron, copper, zinc, and manganese become less available. If the pH rises above 7.5 
due to an abundance of calcium, this calcium may combine with phosphorus to 
fomi phosphate compounds. Tliis also makes phosphorus unavailable to plants. 

LIME TEST INDEX 

The lime test index appears in the second column under •*Standard Test Results" 
(sec Figure 52). This index is a two-digit number calculated by the soil testing 
laboratory and used to determine the soil's lime requirement. As shown in Table 11, 
the lower the lime test index number, the more lime required. 

The lime lest index number is detemiincd by testing the following two acidity 
sources in the soil: 

1 . Soil solution - This contains tlie soil's active acidity sources. 

2 Clay and organic matter particles - These arc exchange sites and contain the 
soil's reserve acidity. The sSoiTs active acidity is very small compared to the 
reserve acidity. 




FIG. 54, Effoct of sol! pH on plant nutrient ovailob^fify. 



TABLE 1 1 . Limo required to Increose soil pH to four levels 
a/A ag-ground limitation. TNP 90\ and 8-inch plow depth)* 



Mineral Soils 



Organic Soils 



Lim« Test 


(pH) 


(pH) 


(pH) 


(pH) 


Indox 


7.0 


6.5 


6.0 


5.2 






ton* of Um*/ac(» 




68 


1.4 


l'2 


1.0 


0.7 


67 


2.4 


2,1 


1,7 


1.3 


66 


3.4 


2,9 


2,4 


1.8 


65 


4.6 


38 


3.1 


2.4 


64 


5.5 


4.7 


38 


2.9 


63 


6.5 


5,5 


4.5 


35 


62 


7.5 


6,4 


5.2 


4.0 


61 


8.6 


7.2 


5.9 


4.6 


60 


9 6 


8.1 


66 


5.1 


59 


10,6 


9,0 


7,3 


5.7 


58 


11,7 


98 


80 


6.2 


57 


12.7 


10,7 


8.7 


6.7 


56 


13,7 


11,6 


9,4 


7.3 


65 


14.8 


125 


10.2 


78 


54 


158 


13,4 


10,9 


8.4 


53 


16,9 


14,2 


11,6 


89 


52 


17,9 


15,1 


12,3 


9.4 


51 


190 


160 


13,0 


10.0 


50 


20.0 


169 


13,7 


10.5 


49 


21,1 


17.8 


14,4 


11.0 


48 


22,1 


18.6 


15,1 


11,6 



•Adjust fheso vakjQS for rrcterkai type, pk^w deptt^, ond lime credit. 
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Figure 55 illustrates how the soil's reserve acidity can keep the soil solutionis 
active acidity high even though very little lime is necessary to neutralize it. How 
much reserve acidity a soil has depends on the cation exchange capacity (CEC). A 
clay soil with a high cation exchange capacity has a higher reserve acidity than a 
sandy soil with a low cation exchange capacity. Research shows that a mineral soil 
with 20 percent moisture and a pH of 6 requires only 1/50 pound of agricultural 
ground limestone per acre to neutralize the active soil acidity; a pH of 5 requires 
1/5 pound; and a pH of 4 requires only 2 pounds. To correct total soil acidity, 
limestone is applied in amounts of 1, 2 and even 6 tons per acre. The amount 
required depends on the lime test index number and the crop to be grown. These 
heavy applications are needed due to the large amounts of hydrogen and aluminum 
ions on the exchange sites (reserve acidity). This resistance to change in the soil's 
total acidity is called buffering. 

Research shows that reserve acidity may be 1,000 times greater than active 
acidity on a sandy soil. However, reserve acidity may be 100,000 times greater tlian 
active acidity on a clay soil high in organic matter. The reason for this great 
difference is that a very sandy soil may have a cation exchange capacity of only 5; 
whereas, a clay soil high in organic matter can have a cation exchange capacity of 
50 or more (sec Table 4, Chapter 2), Thus, a clay soil with a high percentage of 
organic matter requires more lime than a sandy soil to correct the total acidity (sec 
Figure 56). 



FlG. 65. l\rr\Q application onV tempcxo.'ify 
corrocfs active acidity. Hydfogen and 
aluminum movQ from rosorve cscidity into 
th^ soil solution. 



Cloy Of organic 
mattef particlo 
(exchange sites) 



area of 
fosorve acidity 



SOIL SOLUTION 



At* 



Qfoa of 

active acidity 




FIG 56, Suffofing can bo connparod to the action of this coffee dispohser . A: Indicator tube reprosents the soii solution's active oddity, ft is snxjii 
compared to the resorve ocidity. B When o cup of coffee is removed from the d^spensef. the levef in the tube lowers. This represents the 
fcmovai of hydrogen ions due to a snncll fime oppHcation. This only is temporary. C: When the valve Is closed, the fevof In the Indicator returns 
to o;nx)St the some level as shown in A. likewise, the soil solution becorries acid ogolri because the hydrogen ions rrove from the soil's reserve 
acidity into trve soil sofuf»on. A sandy soil, represented by the smaller dispenser shown in hos less reserve oddity ar>d less resistance (buffering) 
to soti acidity change. 



To sumarizc, the soil pH test measures the soil's active acidity or allcalinity. It 
determines whether a soil is acid or alkaline. The lime test index (lime deficit or 
lime requirement) measures the soil's total acidity. As discussed earlier, Table 1 1 
shows the relationship between the lime test index number and the amount of 
agricultural ground limestone needed lo reach four different pH levels. 



Available Phosphorus 

The available phosphorus test results appear in the third column under 
"Standard Test Results" (see Figure 52). This number represents the soil's available 
phosphorus in pound.s per acre. The amount of available phosphorus can vary a 
grcat deal from field to field, or even in samples from within the same field. 

The crop lo be grown dctcmiincs the sufficiency of the amount of available 
phosphorus (see Figure 57). When the available phosphorus is at least 30 pounds 
per acre, com and soybeans give almost 100 percent yield returns. However, wheat, 
oats, alfalfa, red clover, and sugar beets require a larger amount (sec Table 12). 
These crops need 60 pounds of available phosphorus per acre. Nevertheless, a field 
showing 60 pounds of available phosphorus per acre still needs phosphorus- 
supplying fenili/er. This fertilizer must be applied to maintain the 60-pound level 
and replace the phosphorus that will be removed by the crop to be grown . 

To summarize, the following factors must be considered when determining a 
soil's phosphorus needs: 

1. Amount of phosphorus required by the crop to be grown 

2, Amount of phosphorus required to reach the soil's desired available phosphorus 
level (soil buildup) 




Pounds of available 
phosphorus per acre 



f\G. 57, Pounds of uvaildblo phosphorus por acre ond losulting 
yield psfcentages, fCowfojf orx) Agronomy gukSo, tQSS) 
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TABLE 12. Pounds of phosphate iPp^) 
removed by various crops 


Crop 


PjO, Removal 


Corn (grain) 


0.37 Ib/bu 


Corn (silooo) 


3.1 !bA 


Wheat Cgrain) 


0.64 Ib/bu 


Wheat (straw) 


0.09 Ib/bu 


Oats (gfQln) 


0.25 ib/bu 


Oats (straw) 


0.15 Ib/bu 


Soybeans (Qfoin) 


0.80 ib/bu 


sorghum (orah) 


0.39 lb/ 100 lb 


Forage legume 


13 lb A 


Sugar beefs 


2ib/T 


TO)2QCCO 


1.3Ib/HX!lb 



(Cou/tf^y'OhO Agronomy Gukid, 1986) 



Exchangeable Potassium 

The exchangeable potassium test appears in the fourth column under "Siandard 
Tcsi Results" (sec Figure 52). This test measures in pounds per acre the amount of 
potassium on the exchange sites of the soil's clay and organic matter panicles. As 
noted earlier, when comparing the soil test results from field to field, the amount of 
exchangeable potassium may vary greatly. To detcmiinc whether the amount shown 
is adequate, the cation exchange capacity of the soil must be considered (sec 
seventh column under "Standard Test Results." Figure 52). The higher the cation 
exchange capacity of a mineral soil, the greater the potassium-holding capacity. 
Thus, the cation exchange capacity of a soil is used to determine the amount of 
exchangeable potassium i? soil should have. The following formula is used to 
calculate desirable exchangeable potassium levels: 

5 X CEC -«- 220 = desirable soil test potassium level 

Using the cation exchange capacity shown in Figure 52. the desirable potassium 
level can be dcicmiincd; 

(5 X 6) -f 220 = 250 pounds/acre potassium desired 

Because the potassium present in the sample reported in Figure 52 was 210 
pounds per acre, and the desired potassium level was 250 pounds per acre, we can 
conclude that a potassium deficiency exists. In turn, the actual amount of polassium- 
carr>'ing fertili/cr to be applied depends on the following factors: 

1 . Crop to be grown - Sec Table 1 3 for the amount of potassium (in K^O form) 
removed by different field crops, 

2. Soil's desired potassium level based on the cation exchange capacity of the soil 
If potassium fertilizer is applied in the amount needed by the crop, plus is in 
excess of the desired level (calculated above), the oversupply may leach from 
the soil. 



TABLE 13 Pounds of polosh (KjO) removed 
from m© soil by various crops 



Crops 


KjO Removat 


Corn (groin) 


0.27tD/Du 


Corn (siiooo) 


9 00 Ib/T 


Wn©OT (Q'Oin) 


0.36 10/T 


Wheat (s?fC3w) 


0.91 }b/Du 


Oots (Qfojn) 


] 00 ID/bu 


Dots ($fraw) 


1 00 lo/Du 


Soybeons (grain) 


1 40 ib/bu 


Sorghurn (^oin) 


0.39 lb/ 100 lb 


Toilgro&s ond/of 




fohage logume 


0 60 Ib/T 


Sugof Daets 


lOlb/T 


Tobacco 


8 3!b/T 



ER?C - 
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Exchangeable Calcium and Magnesium 

Like the potassium test, the exchangeable calcium and magnesium test 

indicates the pounds per acre of these nutrients that arc on the exchange sites of the 
soil's clay and organic matter particles. These test results appear in the fifth and 
sixth columns under ^'Standard Test Results" (sec Figure 52), Calcium and 
magnesium are supplied to soil by applying limestone. This serves the following 
purposes regarding plant growth: 

1. Increases the amount of calcium and magneshm ions on the exchange sites of 
clay and organic matter particles - Thus, more of the nutrients arc available for 
plant use. 

2, Raises the soirs pH - The acid-causing hydrogen and aluminum ions are 
reduced. As previously described in this chapter, most field crop plants do not 
grow well in acid soils (pH below 5.5 - see Figure 53). When a soil's pH is 6.0 
to 7.0, there is usually an adequate amount of calcium and magnesium present 
for satisfactory plant growth. 

It is important to remember that a certain calcium-magnesium ratio is needed in 
the soil. This is also true for magnesium and potassium. (Ratio is the relationship in 
amounts between two or more items, for example, between calcium and magnesium 
or between magnesium and potassium.) In other words, a balance among the three 
exchangeable nutrient elements - calcium, magnesium, and potassium - must be 
maintained in the soil for satisfactory plant growth. Figure 58 illustrates clay 
particles with desirable and undesirable calcium-magnesium and magnesium- 
potassium ratios. 



CALCIUM-MAGNESIUM RATIO 

For satisfactory plant growth, the amount of calcium in iJie soil should exceed 
the amount of magnesium. Use the following guidelines to determine if a correct 
ratio exists between calcium and magnesium: 

1. // the ratio is J :1 or less the soil is not suitable for optimum plant growth - This 
ratio indicates the amount of calcium is equal to or less than the amount of 
magnesium. There is one part calcium to one part magncsim. In this case, apply 
a low-magncsium limestone. 



FIG. 58. A: tflustrates a clay particle with desirable ratios of calcium, magnesium, and 
potassium. Tho pH is satisfactory for crop production. 

B; Illustrates an undesirable mogrteslum-potossium rofto. Tho pH is uf^tisfocfory fof crop 
plant oi'ov>rth. 




2. If the ratio is above 10:1 the soil is not suitable for optimiun plant growth - This 
ratio indicates there are 10 or more parts calcium lo one pan magnesium. In this 
case, apply high-magncsium limestone, 

3, Satisfactory plant growth can be achieved within a wide range of calcium- 
magnesium ratios. 



MAGNESIUM-POTASSIUM RATIO 

The ratio between the amounts of magnesium and potassium in the soil should 
be 2:1 - that is. there are two parts magnesium to one part potassium. However, the 
ratio between the two nutrients is usually greater than 2:1. On the other hand, a 
lesser ratio may result when a heavy bulk application of poiassium-carrying 
fertilizer is applied and the pH of the soil is low (below 5.5). If the magnesium- 
potassium ratio is below 2:1, not enough magnesium is available for production of 
high-quality forage. Consequently, forage crops produced on low-magnesium soils 
and fed to livestock may cause grass tetany in cattle. (In this case it can cause 
hypomagnesia- Si magnesium deficiency.) 



DETERMINING CALCIUM-MAGNESIUM AND 
MAGNESIUM-POTASSIUM RATIOS 

To dctcmiinc calcium-magnesium and magnesim-potassium ratios, you need the 
percent base saturation of these nutrients. The soil testing laboratory calculates the 
percent base saturation by using the cation exchange capacity of the soil and the 
pounds of exchangeable nutrients per acre (from the soil test). The resulting values 
arc listed in Figure 52 under "Standard Test Results" - columns 8 through 10. The 
base saturation of all three nutrients (Ca - 69%, Mg - 27%, K - 4.2%) fall witliin tlie 
ranges that can usually be expected. These ranges arc the following; 

• Calcium; 40 to 80 percent 

• Magnesium: 10 to 40 percent 

• Potassium; I to 5 percent 

The calcium-magnesium ratio is determined by dividing the percent base 
saturation of calcium by the percent base saturation of magnesium. The ratio 
follows for the sample reported in Figure 52; 

69 

- 2.56 or a 2.56; 1 calcium to magnesium ratio 

The magnesium lo potassium ratio is calculated in tlie same manner. 
27 

6.43 or a 6.43:1 magnesium to potassium ratio 
Both of these ratios are saii.sfactory for proper plant growth. 
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Special Tests ResuHs 

MtCRONUTRlENT TESTS FOR BORON. 
MANGANESE, AND ZiNC 

The micronutricnt test results for boron, manganese, and zinc are given in 
pounds of available nutrient per acre. As described in Chapter 1, micronutricnts are 
elements necessary for plant growth, but needed in very small amounts. 

Fertilizer and liming practices can produce micronutrient deficiencies. For 
example, liming until the pH is above 7.0 can produce boron, manganese, and zinc 
deficiencies. Also, a pH I^clow 5.0 may cause molybdenum, copper, and boron 
deficiencies. Zinc deficiencies can be caused by heavy and repeated applications of 
phosphorus fertilizers. Obviously, soil pH can indicate conditions possibly leading 
to micronutricnt deficiencies. (Review Figure 54.) 

The Research-Extension Analytical Laboratory conducts tests for the following 
three micronutricnts. Their optimum levels are also given. 

• Manganese 20 to 40 lb/A 

• Boron 0.5 lb/A 

• Zinc 3 lb/A 

Use a so'l test and a plant analysis to diagnose a suspected micronutricnt 
deficiency. The soil test detects a micronutricnt deficiency; the plant analysis 
confirms a suspected deficiency. Table 14 provides infomiation regarding the soil 
types and crops in which micronutricnt deficiencies arc most likely to occur. 



TABLE 14 Micronutrient deflciGndos are most likely 
to occur in those soil types and crops. 



Micronutrient Soli Type Cfop(s) 



Boron 


Ught'Coiored 


Alfalfa 




loams and sands 




Manganoso 


Lake bed soils 


Soybeans, wt^eat 


Zinc 


Neutral, dark-colored 


Corn 




loams and sands 





ORGANIC MATTER TEST 

The organic matter test gives ihc soil's organic matter content (percentage). 
(See Figure 52, "Special Tests Pcsults.") Most mineral soils have an organic matter 
content ranging from 1,5 to 7 percent. The organic matter content of most light- 
colored soils is 1.5 to 3 percent; for dark-colored soils it is 3 to 7 percent. Mucks 
and peats (organic soils) may have an organic matter content as high as 90 percent. 
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SOLUBLE SALTS 

A soluble «Milts test indicates Ihc soiPs salt conccnlraiion both fertilizer 
and nonfertilizer sources. Salt water contamination of soil and excessive 
applications of fertilizer or manure can cause salt buildups. High salt concentrations 
can severely injure or even kill plants. Seedlings and young plants are particularly 
prone to salt injury. Table 15 is a guide for inicrprciing soluble salt levels. 



TABLE 15. Soil and plant conditions indicating various soluble salt concentrotions 



Soil Of Plant 
Condition 



Soluble Salt 
Concentration 



mhos X 1 0 • 5/cm 



Unfertilized, leached field soils 

Well fi^rtilized soil providing optimum plant growth 

Salt-sonsitive crop growth affected 

Severoiy injured plants 



Less than 15 
100 to 200 
Greater than 200 
Greater than 300 



Nof«; Voiuos in table should bo foducod by 1 /2 for prolongod droughty conditions. Toxicity 
of o singio salt, such as sodium chloride. Is greater then an equivalent orrjount of a salt 
mixture. 



HEAVY METALS 

The Research-Extension Analytical Laboratory can also conduct analyses that 
indicate the soiPs total heavy metal concentration (e,g., copper, zinc, lead, nickel, 
chromium, and cadmium). Excessive heavy metal concentrations are undesirable 
because they may affect plant growth. In addition, certain heavy metals (e.g., lead, 
cadmium, and chromium) arc toxic to both humans and animals. 



Plant Analysis 



WHAT IS PLANT ANALYSIS? 

Plant analysis is a diagnostic method for dciennining the following: 

1. Nuiricni shortage 

2. Nutrient excess 

3. Nutrient imbalance 

Do not use plant analysis as a substitute for soil testing; use it to supplement soil 
testing. Plant analysis verifies the availability of nutrients to plants. 

Plant analysis is valuable because it provides more information for crop 
management. If used alone, it is not very valuable. However, when used with a soil 
testing program and growing-condition facts, it removes much of the guesswork 
involved in supplying correct amounts of nutrients. 

To determine your level of crop management, carefully observe the growing 
conditions on your farm and answer the following questions: 

K Is an adequate soil testing program being followed on all crop production 

iiclds? 

2. Arc the soil test levels adequate for all fields tested? 
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3. Do any of ilicsc soil conditions cxisl? 

a. Limited moisture-holding capacity (droughty) 

b. Poor drainage (loo wci) 

c. Compaction 

d. Low organic matter content 

4. What kind aiid amount of fertilizer was used? How was it applied? 

5. When was ilic crop planted? 

6. What crop variety or hybrid was used? 

7. What is the plant population (stand)? 

8. Are there any insect, disease, or weed problems? 

9. Is there adequate moisture? 

10. Was the correct tillage system used for ilic field's soil conditions? 



WHO PROVIDES PLANT ANALYSIS SERVICES? 

The Ohio Cooperative Extension Service, The Ohio State University, and the 
Ohio Agricultural Research and Development Center jointly provide the Plant 
Analysis Program for Ohio crop producers. Many other states have similar 
laboratories operating as part of the land grant university research division. Private 
laboratories arc also available to perform iliese services. 

WHICH CROPS CAN BE ANALYZED? 

The plant analysis laboratories typically accept field, vegetable, fruit, and 
ornamental crops for analysis. Tlie following arc examples of field crops accepted 
for analysis: 

• Com • Forage grasses (timothy, fescue* 

• Grain sorghum bromegrass, and others) 

• Soybeans • Alfalfa 

• Wheat • Clovers and otiier legumes 

• Oals • Sugar beets 

• Barley • Tobacco 

After the plant sample is prepared, special laboratory instruments are used to 
conduct an analysis for the 13 nutrient elements (see Figure 59). These tests can be 
done in a very short time. 



FiG, 59- A plant anafysis 
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PROCEDURES FOR CONDUCTING A PLANT ANALYSIS 

Conduct a plant analysis when unusual, unexplained growing conditions occur, 
or when you suspect a nutrient shortage or imbalance is affecting plant growth. 
However, remember that diseases, insects, pesticides, drought, and wet weather can 
also produce unusual growing conditions. If you decide lo have a plant analysis 
done, carefully pcrfomi ihc following steps: 

1. Take a plant sample. 

2. Provide crop field infonnation. 

3. Inicrprci plant analysis reports. 

Before taking a plant sample, obtain a mailing kit from your county cooperative 
extension service office. These kits contain instructions for taking ihc sample, 
envelopes for mailing the sample, and forms for recording important information 
regarding the crop and the field (sec Figures 60 and 61). 

The procedures described in this section are used for field crops. However, these 
are similar to the general procedures used for other crops (e.g., fruits, vegetables, 
and ornamentals). 

Obtaining a Plant Sample 

Plants vary greatly in nutrient uptake during the growing season. Figure 62 on 
page 67 illustrates how nutrient uptake varies during the growth stages of corn. 
Therefore, sample crop plants at the growth stage recommended in the plant 
analysis questionnaire (Figure 60), For example, according to the sampling 
instructions, corn can be sampled during two growiu ^lages. tasseling and initial 
silk. If com is sampled before tasseling, the nutrient uptake of nitrogen, phosphorus, 
or potassium varies greatly from the uptake at tasseling. However, if it is necessary 
to take the plant sample at a growth stage other than the one i?cornmi:ndcd, report 
the growth stage on the plant analysis questionnaire (Figure 61). Also, since a one- 
plant sample may not be representative of field nutrient conditions, sample more 
than one plant. Figure 63 on page 67 shows a crop producer sampling the ear leaf on 
a com plant at initial silk. 

Providing Crop Field Information 

As shown in Figure 61, much information is requested on a plant analysis 
questionnaire. Fill out this fomi as completely and accurately as possible. The more 
information the plant analysis laboratory personnel have, the more accurately they 
can diagnose the problem. Consequently, tliey can give better recommendations for 
correcting the condition. For example, a questionnaire providing the following 
infomiation gives a clearer picture of the situation: 

1 . Soil - Coarse textured (sandy) 

2. Soil moisture last three weeks - High (due to above-normal rainfall) 

3. Fertilizer applied - Nitrogen (lb/A) 
150 broadcast - applied in spring 

20 row 72 
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r Satect at random the suggested number of representative plants. 

a. VOUNG PLANTS (seedling stage): 

Sample the above ground portion of 10 to 20 plants 

b. OLDER PLANTS (prior to pollination): 
Sample according to table below. 



Crop 



Sample Pnor to or Dunng 



Date Crop Sampled , 



Sample No. 



8246 

















Vniir Samnle IdentifiratfDn 












Date Samole Submitted 








« *e 





Plant Part 



Number of 
PUnts to Sample 



corn 


tasselmg 


upper fully developed leaf 


10 


corn 


mttia) Silk 


ear leaf 


10 


gram sorghum 


initial bloom 


upper fully dcvelop«d leaf 


10 


soybeans 


mitial flowering 


upper fully developed leaf 


15 


small grams or 
forage grasses 


initial bloom 


upper leaves 


20 


alfalfa or forage 
legumes 


mitiaf flowering 


top 6 inches 


20 


sugar beets 


mid season 


center fully developed leaf 


10 



2. Do not sample after poMtnatfOn; dead or dried plant material, plants from poor stands or weedy areas; or plants damaged by poor 
dramage. drought, disease, insects, chemicals or machines. 

3. Allow plant tissue to air dry at least one day, then place m the large envelope. Do not use any other container. 

4. Complete questionnaire. Make check payable to; 0. A. R.DX.-R, E. A. L. Analytical fee is $10.00. • Sulfur Test - $6.00 Extra 

5. Enclose questionnaire and check in smalt envelope and send maiter to Research-Extension Analytical Laboratory 

AODITtONAL IMFORMATION 

Each sample will be analyzed for its content of nitrogen (Nh phosphorus (P). pottassium (K). calcium (CaL magnesium 
(Mq), manganese (Mn), iron (Fe), boron (B). copper (Cu), zinc (Zn), ANALYTICAL FEE IS $10.00 - Sulfur Test - $6.00 Extra 



A report listing the analyses, their interpretation, and recommendations will be returned to you Withm 2 weeks. Any 
correspondence concernmg this sample should be directed to the Plant Analysis Division, R.E.A.L.. O.A.R.D C-. Wooster. Ohio 4469t 
and mdicate the preprinted sample number and the date submitted. 
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FIG. 60. Plant cjnalysis quosfionnairo - sampling instructions (CourtesY !^$&orch'Exfen$ton AnQtytkranaiyoKsfoiy^ OA/TfXT. Wocst&r, Ofvc) 
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RESEARCH-EXTENSION ANALYTICAL LABORATORY 
Ohio Agricultural Research and Development Center 
Plant Analysis Division - Wooster. Ohio 44691 



$4mpi« No. 

~8246" 



Name: 

Street. Route 

Ctv 



Gfov^r Name other thin at left) . 

County 



Your Sample fdentiffcation 



DaSt* Crop Sampitfd 

r* T ) 



i ^ 
1 . .-J 



AGRQMOMIC CROP AND SOIL HISTQRyI 



CROP 01 Corn, 02 Gram Sorghum, 03. Soybeans. 04 Small Grams, 05. Sugar 8e*ti, 06. Alfalfa, 07 Forage Legume, 08. For 
a^ Grasses (under 20% it^umel, 09. Forage Grasses (over 20% legume), 10 Other ^ 

VARIETY OR HYBRID „ _ . . . 



PLANT PART SAMPLED 1 Ear Lejf . 2 Uppe^ ^^i>Mv Deveiop*^d Leal. 3 Upper Leaves, 4, Top 6 Inches, 5. D?nter Fulfy 

Developed Leaf, 6 Whole Plant 
TIME SINCE EMERGENCE. REGROWTH OR LAST CUTTING (Weeks) CHECK FOR SULFUR TEST 
] YIELD GOAL iBusheli Of Tons) (6.00 EXTRA) 

PREVIOUS CROP 1 AlUifa Of Swee! Ciower , 2 Legume Gfjj^ Meadow. 3 Other 

PL ANT APPEARANCE ^ Nofrnji, 2 Abnormal Descr t>e 



SOIL 1 F 'He tn Medium Textijied, 2 Cojrjp Textured (sjndy ! . 3 Oigamc 

SOIL MOtSTURF LAST THREE WELXS ) Exctjss.ve (dut: to poor d^a^nagel. 2 High (due to above normai rjinfaiD. 
3 Normal. 4 LOi^ 

AlR TEMPERATURE LAST TWO WEEKS t Hrgh. 2 formal. 3 Low 
^ Copy riumber ^fom sc-i bag so't sjfnnfe 'S submitted with plant sample. 



CURRENT SOIL TEST DATA 



FERTIUZER APPLIED 



i L. 1 

L 1 ...L.. A. 



{-H 

LIME TEST INDEX 

CATiON EXCHANGE CAPACITY (Meg lOOg) 

AVAILABLE NUTRIENTS {Lbs A} 
Phosphorus 
Potassium 
j Calcium 
Magnesium 

Manganese 
Boron 

Zinc 
Copp^f 

SOIL TEST BY 1 O S U . 2 Other 



CORRECTIVE TREATMENT APPLIED 
SINCE SOIL TEST 1 None. 2. Ljme (up to 1 year ago). 
3 LffTve (over 1 year ago), 4 L^m* & Fertth/er lup to 1 year 
ago). 5 Lsme & Feftjh/er (over 1 year ago), 6. Fertjii^ur 



ri 

J 












— - 
















■ 











n 













□ 







n 




J 



XI 
[XD 



□ 



NITROGEN (lbs /A) 
Broadcast or Kmfed m 
Applied: 1. Fall, 2. Wmter, 3. Sprmg 
Row 

Sfdedress 

PHOSPHORUS ILbi./A) 
Broadcast 

Row or Early Sidedress 

POTASSIUM (Lbs./A) 
Broadcast 

Row or Early Sidei^ess 

MAGNESIUM (Lbs./A) 

MiCRONUTRlENTS (Lbs.. A) 
Manganese 
Zinc 
Copper 

Boron 

Molybdenum >. Yes. 2, No 



RETURN THIS COPY IN SMALL ENVELOPE 




FiG 61 Pianf anofy$i$ qtiesttonnairo - crop ond soif history, soil tesf data, and fortl^et appllod 
(Courtesy Research ■Exr0n»on Ano^^aaaboratofy, OAf?DC, Wocst^r, Ohio) 



74 



May 20 
to 

June 20 



silk 



ta$s0l 
emergence 



Nitrogen 
Phosphorus 
Potassium 
Weight 




FIG 62 This iiiiistrntion shows tho plant s weight gcjin and pofcentage of nutrient uptake at various growth stages. 
By fho finol stage, the plant has achieved final weight and about 100 porcont of Its nutrient uptoko. 




FIG. 63. Sample corn oar leaves at 
the start of silking. Send these 
sompiGs for plant analyse. 
(Court0syC.li. f/)dtn#/ 



Using ihis infomuition plus the a\si oflJic qucsiionnairc, plant analysis jxM-sonnel 
arc able lo reach the Ibllowing conclusions; 

1. The analysis conllmied a suspected nitrogen dcHcicncy. 

2, The cause: Much of the nitrogen, in nitrate form, had leached through the 
ccarse-lcxtured soil due to heavy rainfall. 
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6fl mf^fHHTiNG PLANT 4\Ai YSlS R£Pa?JS 



OHIO PLANT ANALYSIS REPORT 
RESEARCK-r.XTENSlON ANALYTICAL LAi^O^ATORY 
OHIO COOPERATIVL EXTENSION SERVICE. THE OHTO STATE 
UNIVERSITY. AND THE OHTO ACRIC'JLTURAL RESEARCH AND 
DEVELOPMENT CENTER, COOPERATING 



GROWER: 



SAMPLE INFORMATICN: 
COUNTY MIAMI 
GROWER in NO. 
PUNT SAMPLE NO 
SOIL BAG NO. 
"5ATE RECEIVED 
DATE PRINTED 



Cr.A, AC 

f)^ 05 716 
I!. 8^.1 18 
08/0.1/69 
C8/C8/B9 



EXTENSION: 

AGRICULTURAL AGENT 



CROP CORN 



ELEMENT ANALYTICAL 



RANGE 







RESULTS 


DKF'.CIKNT IX>W SUFFICIENT Hi' 


PCT 


N 


? 




XXKXXXXXXX 


PCT 


P 




7b 


xxxxxxxxxxxxxx 


PCT 


K 






xxxxxxxxxxxxx 


PCT 


CA 






xxxxxxxxxxxxxxxxxx 


PCT 


MG 




2h 


xxxxxxxxxxxxxxxxx 


PCT 


MN 






xxxxxxxxxxxxxxxxx 


PCT 


yy. 


:bc 




xxxxxxxxxxxxxxxxxxxxxx 


PCT 


B 


; 




xxxxxxxxxxxxxxxxxx 


PCT 


CU 


H 




xxxxxxxxxxxxxxxxxx 


PCT 


2K 


?•? 




xxxxxxxxxxxxxxxxx 


PCT 


MO 


1 


?C 


xxxxxxxxxxxxxxxxxxxxxxxxxx 


PCT 


S 




18 


xxxxxxxxxxxxxxxxx 



;h excess 



CCMMKNTS: 

Low N content for opttT-.^m ylv 
due to in.iu*vj::atc foitili?^:! 
l^r.K of w^tei^ r.«?ar pl»int sarp 
loss c; N by dcM t r i f 1 c."»t lor., 
voi ;it i 1 i ?fir. ion. A r<?vlf?w of ye 
rcronroruiod , Your court y .jgcnr 
r«*view. P It'vels arc mrsrfjln;^! 
n,iy bo ii\j(> to 1 nadi'q j.it e ftTtS 
or r«'.str:otod rooting. Low N 
r«?st r ! rt: Tfi rooting ca-jsod t>y 
( cjr p.i c't i o r,, wotruv-is or faiii-^re 
and/or P f ert 1 1 i zt?r3 . 



N rcntent nay ha low 
r pr,t t i c:t rrf root i v.q, 
Ing, rapid growth, or 
lt>achir,g, or ammonia 
ur N progr<?m wc-ild bo 
CAT. aaslst with this 
tor high yi»?ids, Low ? 

r.d P usua 1 1 y i ndi cat© 
.iv^^rso weather, soil 
of roots to ;t.»»cr; N 



PLANT SAMPLE NO. ^5 05716 | 
PAGE 2 ! 

Low K content for optimum yields. K content n^ay toe due 
to inadoquate fertilisation or adverse w»ather. 
Additional 3 is not naedod. 

COMMENTS BASED ON OHIO SOIL FERTILITY RELATIONSHIPS. 
FOR FURTHER INFORKATICN, CONTACT YOUR COUNTY 
EXTENSION AGENT OR DR, JAY JOHNSON {614-292-2047) 



SOIL TEST DATA 


FERTILIZER 


APPLIED, 
N 


PH 


BRDCAST 




CRC 


ROW 




P 


SIDRESS 




K 


TOTAL 


0 


CA 






MC 


m 




MN 


ZN 


« 


R 


CU 


« 


ZN 


B 


• 


CU 


MO 




BY OSU 


MG 





CROP & SOIL HISTORY 

CKOP 
v^AHIETY 
PLANT PART 
AGE or PLANT 
YIELD GOAL 
PREVIOUS CROP 
P!-PtNT APPEARANCE 
SOIL 

sort MOISTURE 
AIR TEMPERATURE 



CORN 

EAR LEAF 

10 WEEKS 

150 

OTHER 

NORMAL 

MEDIUM 

NORMAl 

NORMAL 



FIG 64. Sample repoft from the Plant Analysis Labofotory (Covrfmy CVvo Ccop^rattv^ Ext^nston S0mc^) 



Interpreting Plant Analysis Reports 

After the plant analysis has been conducted, a detailed report given lo the crop 
producer. In the case shown in Figure 64, Ihc laboratory performed analyses for 12 
elements. The analytical results for nitrogen, phosphorus, potassium, calcium, and 
magnesium are given in percentages; the results for mangancsCt iron, boron, coppxir, 
zinc, molybdenum, and sulfur are given in pans per million (PPM). Table 16 lists 
the sufllcicncy ranges of 1 1 elements for com, soybeans, alfalfa, wheat, and sugar 
bee IS. 

The plant analysis report fonn places the element content in one of the following 
concentration ranges: deficient, low, sufficient, high, or excess. In Table 17 each 
range is dellncd in lemis of plant appearance and crop yield. In Figure 64 nitrogen 



TABLE 16. Sufflciancy range? for corn, soyboar^s. alfalfa, whoat, and sugar toeots* 





CORN 


SOYBEANS 


ALFALFA 


WHEAT 


SUGAR BEETS 






Upp«r Fully 












Dovsloped 


Top Six 


Upper 








Leaf 


Inches 


Leaves 


Center Fully 






Sampled 


Sannpted 


Sannpled 


Developed 




car Lwuf 


During 


During 


Durtna 

■r Ml II lap 


Leaf 




Sample at 


Initial 


Initial 


Initial 


Sampled In 


Element 


Inirial Silk 


Flowering 


Flowering 


Bloonn 


Mid-season 




• 


PERCENT (%) 






IN 


7 76 - 3 SO 


4.25-5.50 


3.76-5.50 


2.59 


3 01 -4 .50 


p 


0.25 - 0.50 


0.26-0 50 


0.26-0.70 


0.21-0.50 


0.26-0.50 


K 


1.71 -2,50 


1.71-2.50 


2.01 -3.50 


1.51 -3.00 


2.01 -6.00 


Co 


0.21 - 1.00 


0.36-2.00 


1.76-3.00 


0.21 • 1.00 


0.36- 1.20 


Mg 


0.16-0.60 


0.26-1.00 


0 31 - 1.00 


0.16- 1.00 


0.36 - 1.00 






PARTS PER MILLION (PPM) 






rvin 




21 - 100 


31 - 100 


16 ■ 200 


21 - 150 


Fo 


21-250 


51-350 


31-250 


11-300 


51 -200 


B 


4-25 


21-55 


31 -80 


6-40 


26-60 


Cu 


6-20 


10-30 


n -30 


6-50 


11 -40 


Zn 


20-70 


21-50 


21-70 


21-70 


19- 16 


Mo 




1.0-5.0 


1.0-5.0 


0,03-5.0 


0.15-5,0 



•Sufficiency ranges usod by the Reseorch-Extonslon Anatytical Laboratory. 0AI5DC. Wocster, Ohto. 



TABLE 17. Definitions of various nutrient concentration ranges 



Rang© Definition (pkint app^rar^cQ and crop yiefd) 



Deficient 


Plants show obvious symptoms of nutritional deficiency. 


Low 


Rants are normal in appearance, but responsive to feftillzation 




with the low-testing nutrient. 


Sufficient 


Plants are normal in appearance and have adequote 




concentrations of this nutrient for the highest yields. 


High 


Plants are normal in opQeotonce and high yields ore expected. 


However, concentrotjons of this nutrient are higher than normally 




expected. 


Excess 


Yield Is significantly reduced by an overabundance of this 




nutrlGnt, 



(N), phosphorus (P), and potassium (K) arc present in low amounts; molybdenum 
(Mo) is present in a high amount. The remaining eight elements arc present in 
sufficient amounts. Comments and recommendations for correcting unsatisfactory 
conditions arc also given in the plant analysis report, Probable causes of these 
conditions arc listed in Table 1 8 on page 70. 



Nutrient 



TABLE 18 Possibio Causes of low and hign nurncnt !gvg!s as dGtorfninea Dy plant anovsis 



Cause of Low 
Nutrient Level 



Cause of High 
Nufrlenf Level 



NiTfogen (N) 
Phosphorus (P) 

PcTaS$:i.rr} (K) 
Coiot-rn (Co) 

f/cgnosum (Mg) 

N/anganoso (Mn) 



Iron (Fo) 
Boron (3) 

Coppof (Cu) 
Z.nc (Zp) 



InadcquaTG nitrogen fortit^of 
Low so'i phosphorus level 

Low soil phosphorus ievo! 
inadcquatG phosphorus fertilization 
Poor dfoinage 
Low soilpH 

Low soil pctassium ievoi 
InodoquatG potossium forMizafion 
Heavy application of nitrogen fertilizer 

Low SOi! pH 
Low soil calcium iovol 
High soi! potassium or heavy application of 
potasS!urTj foftil^of 

Low soil pH 

Low so.l magnesium level 
High SOi! potassium or heavy application of 
potassium fortiltzcr 

Low soit avaiiOPitity 

Associoted W'th neutral, oikclino. poot, 
or muck soils 



High SO'I pH 



Low sOh ova 'GlDi^ty 

Assoc Qtod v.'.^h a'kc'ino. sandy, or 
low organic morrcr content soils 

Low so } Qva.lOD.iMy 

Assoc;atoa v/-h peats, mucks, or 
up^ono ).g'>r co:ofOd SO'IS 

Low so.; Gvo :ut>iity 

Assoc u*oc3 sends. C'<po:-od subsoifs. 
rr^.CKS, pocj'S, or-^.d so. S h.gn :n pH and 
ava iaplG phosphorus 

Low sc.! ovt^icb.ii^y 
Associated ma.n:y w;!h :jc d sc^'s. 
pH do^ow 5,5 

^n.s .s not on csr^cn^ oJ nu'f ent. 
so -t conno^ bo coUconi 



Excessive application of nitrogen fertilizer 
Shortage of another nutrient 

High soti phosphorus level 

Excessive application of phosphate fertilizer 



High soil potassium lovoi 

Excessive application of potash fertilizer 



Old p'ont tissue 

Dead or diseased tissue 



Old plant tissue 

Dead or diseased tissue 



Low soil pH 

Heavy opplications of phosphorus ond/or 
nitrogen fertilizer on acid/organic matter 
soils 

Sotl or dust contamination 

Soit or dust contominotfon 
Znc deficiency 

im.proper application of boron 
fertilizer 



Contcminotion from pesticide sprays or 
contact With Dross equipment 



Contominotion from brass or goivamzGd 

equipment 
Oid. dead or disoasod tissue 



Potas$;un defioency 
H,gh soil pH 



Soii or dust contommation 
Poor droinoge 
LOW soil pH 
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■ The following activities should help you become proficient in determining 
fertility needs Uirough soil testing. Check the box when the item is completed. 



1. Selecting yidd goals 
Resources 

• Aerial photograph of farm 

• Graph paper (1/8 or 1/10 scale) 

• Unlined tvhite paper 

• Scale with 1/8 and 1/10 divisions 

• Ohio Agronomy Guide (current issue) or similar reference 

• Soil survey report (If your county does not have a published report, a 
neighboring county may have a report listing your soil types.) 

Procedure 

□ Using aerial photographs, draw farm boundaries to scale. 

□ Draw field boundaries to scale. 

□ Draw creeks, swampy areas, and ponds. 

□ Record soil types, erosion, and slope symbols. Include boundaries for each. 

□ Record field acreages and assign each field an identification number. 

□ Prepare a crop yield goal record for each field to be sampled. 
(Use form on page 72.) 

□ Determine and record soil type names for each field to be sampled. 

□ Determine cropping sequence for each field to be sampled. 

□ For each soil type, select a yield goal for the crop to be grown. 



2. Taking a soil sample of a field(s) 
Resources 

• Outline map of each field to be sampled (from activity 1 above) 

• Soil probe, soil auger, or spade 

• Clean pail (one io two gallons, preferably plastic) 

• Paper or plastic bags (one for each area to be sampled) 

• Marking pen 

Procedure 

□ On each field's ouUinc map, mark each area with a soil sample 
identification number. 

□ Mark plastic or paper bags with identification numcr (from outline map). 

□ Take at least 15 cores (samplings) per area. 

□ Avoid each field's unusual areas (e.g., fence rows, dead furrows, turn rows, 
and locations of previous lime or fcnilizcr spills). 



Yield Goal Determination 



Field No. _ 
Total acfos 
Crop 



SOIL CHARACTERISTICS 


SOIL TYPE 


ACR^S 


POTENTIAL 
CROP YIELD 


Characfoflslk: 


j Map 
I Symbol 


[ ChofacterWk: 
' of AfOO 


Map 


Soil Typ« 
of Area 


Acr^ ol 
Each Soil lYp9 


Untis 


Pofentksl kK 
EochSolTypt 

(LAnts/AxXcfM) 


SOi\ toxtufo 

Slope 

Erosion 

NafufOl droinago 

Soii origin 


1 

t 

i""" 
[ 

1 - . . . _ - 


\ 
} 










i 


Soil tOxtufO 

Slope 

Erosion 

Natural dfainogo 
Soi! Origin 


1 
1 

^ - - 

1 


— ^ — ■ 












Soil tOXtUfO 

Slope 

Erosion 

Noturai draif'iogG 

""""" ^ 
Soil origin 


• 














Soil texture 

Slope 1 
Erosion 
1 Natural droinage 

I Soii origin 

















YIELD 
GOAL 
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3. Preparing and submilting soil sample 
Resources 

• Clean paper, plywood, or masonite on which to dry samples 

• Short pieces of wood (one- or two-inch) or cardboard for separating samples 

• Clean paii (one to two gallons, preferably plastic) 

• Clean, one-cup container for each sample to submitted 

• Record of ficlu, soil type, yield goal, and previous lime and fertilizer 
applications 

Procedure 

□ Spread samples on clean, prepared surface. Separate each sample and mark 
with identification number. 

□ Allow samples to air dry, 

□ Crush any clods or lumps present in each sample. 

□ Mix each sample thoroughly. 

□ Collect one pint of each soil sample; place each in original bag marked with 
sample idcniificaiion number, 

□ Deliver saniple(s) to county extension service office or other soil testing 
laboratory. 

□ Provide required information regarding sampled field. 

□ Select tests to be made. 



4. Interpreting soil lest reports 
Resources 

• Soil test report for sampled ficld(s) 

• Ohio Agronomy Guide (current issue) or similar reference 

• Notebook and pen 



Procedure 

□ Using soil test reports for a field or soil area, determine how satisfactory the 
standard and special test results arc. (If you need help, refer to ^Interpreting 
Soil Test Reports'' in this chapter.) 
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Prac tical Application 



■ The following activities should help you develop proficiency in determining 
fertility needs through plant analysis. Check the box as the item is completed. 

5. Collecting plant tissue and sending specimens to laboratory 
Kesources 

• Plant analysis mailing kit (Tliis includes sampling directions.) 

• Large paper or plastic bag for collecting plant tissue 

Procedure 

□ Select plant pan according to crop type and growth stage. (Sec directions in 
plant analy;ds mailing kit.) 

□ Select plant tissue for the recommended number of plants. 

□ Comploic the plant analysis questionnaire (included in plant analysis mailing 
kit) 

□ Mail 1- .mt tissue and questionnaire to plant analysis laboratory. 

6. Interpreting plant analysis results 
Resources 

• Plant analysis report for a field (prcferably ivpons for several fields showing 
dilTeivnt nutrient deficiencies) 

• Notebook and pen 

Procedure 

□ Using the form on page 75, record infomiaiion from the plant analysis repon 
fonn(s). Make recommendations for correcting tlie problcm(s). 



KEY TERMS 



■ Following is a list of important terms found in this chajptcf. CJan you J^^^^ 
de line ihcm ? v ■ ■■ , nM 
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SoilTMt Amount EVALUATION 

Itgm (from report) Poor Fair Good 

PH 

Lim© test Index 

Avojiabie phosphorus 

ExchongoablG 
potassium 

Exchangeable 
calcium 

ExchongeablG 
magnQsium 

Cation exchange 
capacity 

% base saturation 
coicium 

% base saturation 
magnesium 

% base saturation 
potassium 

Magnesium 

Znc 

Boron 

Organic matter 



Calculate the following (not on report); 

Cafcium-magneslum 
ratio 

Mogneslum-potasslum 
ratio 





NutflAHf 


Amount from 
Analysis Report 

(% or PPM) 


Recommended 
Sufficiency Range 


Suggestions for 
Correcting Problem 


Exomple: Zn 


Idppm 


20 - 70ppm 


Apply zinc forfllizer with starter orplow-dovAi foriilizer 


N 








P 








K 








Co 








Mg 








No 








Mn 








Fe 








B 









Cu 
Zn 
Mo 
Al 
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Nutrient Sources 



Introduction 



In order to correctly select and apply fenilizer and lime, you must know 
something about plant nutrient sources. For example, it is important to know that 
nutrients can be easily lost from the soil or changed to forms unavailable to 
plants. This knowledge helps you make appropriate decisions when correcting 
nutrient shortages in the soil. 

Since many nutrients have several different sources, you must also know that 
one nutrient source may react differently in the soil than another source of the 
same nutrient. For example, nitrogen in nitrate form (NO,-) does not attach to the 
soil's clay and organic matter particles because the nitrate is negatively charged. 
For this reason, nitrate is highly soluble in the soil solution (water) and moves 
with the soil solution. Thus, nitrate can easily leach from the soil. On the other 
hand, nitrogen in the ammonium form (NH/) is positively charged and attaches 
itself to the soil's clay and organic matter particles. It does not leach from the 
soil. However, when the soil temperature reaches 50° to 55* F (10.08*' to 12.88* 
C) or above, ammonium nitrogen rapidly changes to nitrate nitrogen. This is one 
reason why it is important to know about nutrient sources when selecting and 
applying fertility nutrients. 
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OBJECTIVES 

After studying this unit, you .should be able to do the following: 

■ Develop a nutrient loss prevention plan for livestock manure u.sed for 
fertilizer. This plan includes 

- Calculating the amounts of nutrients available from livestock manure. 

- Calculating possible nutrient losses from liie livestock manure. 

■ Plan a field cropping sequence to increase nitrogen content in a crop-growing 
program for legume crops. This plan includes 

- Calculating the approximate amount of nitrogen produced per acre by the 
different legume crops. 

- Listing the conditions most suitable for nitrogen fixation by legume plants. 
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■ List the important functions of organic matter in the soil (i.e., livestock manure 
and crop residues). 

■ Select a suitable green manure crop(s) to provide erosion protection and improve 
the soil's nutrient and organic matter content This procedure includes 

- Listing the approximate amount of organic matter supplied by green manure 



^ Listing the cultural requirements of green manure crops (e.g^ planting times, 
lime, fertilizer, and similar requirements), 

■ Select tiie most suitable commercial fertilizer by considering the soil conditions 
(c.gM soil test, texture, slope, and drainage) and crops to be grown. This 
procedure includes 

- Listing the important nutrient sources of nitrogen, phosphorus and potassium 
from commercial fertilizers. 

- Listing the nutrient sources of micronuirients from commercial fertilizers, 

■ Select the liming materials that are most suitable for supplying calcium. Do this 
by considering the soil conditions (e.g., soil test, texture, slope, and drainage) and 
crops to be grown. Repeat this procedure to select the nutrient source most 
suitable for supplying magnesium. 



■ Plant nutrient movement through the soil is a result of chemical reactions or 
physical forces (such as water movement). 

■ The chemical and physical ciiaracteristics of both the soil and environment in 
which plant growth occurs determine plant nuuient availability. 

■ A variety of sources - including botli organic and inorganic substances - provide 
plant nutrients. 

■ Soil particle ; carry electrical charges (either positive or negative) that attract and 
hold nutrients. 

■ The nitrification process changes the chemical composition of nitrogen in the 
soilt thus influencing nitrogen availability to plants. 

■ The carbon-to-nitrogen ratio of dead plant material determines the degree to 
which this material is converted to organic matter or carbon dioxide and water 

■ Symbiotic relationships exist between commonly grown legume crops and 
certain bacteria found in the soil. 

■ Volatilization can be illustrated by tlic dcnitrification process. 

■ The electrical charge of potassium ions (K*) results in « large percentage of 
potassium in the soil being unavailable for plant use. 



crops. 




SCIENCE CONCEPTS 



This chapter covers the following science concepts: 
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Nutrient Losses from the Soil 

DilTcrem plant nutrients react with and move in the soil in different ways. 
Applying an adequate amount of a nutrient-supplying material docs not guarantee 
tliat all of it will be available to llie plant when needed. Therefore, it is important 
to understand Uie following; 

• If nutrients - in a foim available to plants - are applied to the soil tliey may 
become unavailable before the plants can use them. 

• Nutrients can be lost from the soil before being used by plants. 

• Nutrients can be lost from tlic soil through leaching (see Figure 65). 

• Nutrients can be lost from tlic soil thiough erosion (see Figure 66), 

• Nitrogen is often lost ilirough denitrification - the breakdown of nitrates in 
the soil. 

In addition to nutrient loss, the following soil conditions influence nutrient 
availability: 

• Soil temperature 

• Soil water content 
. SoilpH 

• Soil texture 

• Nutrient imbalance (an overabundance of one nutrient, a deficiency of 
another) 

• Topography (slope of the land) 



How these conditions affect nutrient availability and nutrient loss arc 
explained in Uie following text. 
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Nutrient Sources 

In general nuiricnts are supplied to plants by the following: 

1. Soil 

• Minerals 

• Organic matter 

2. Other sources 

• Animal manures 

• Crop residues 

• Green manure crops 

• Nitrogen fixaiion by legumes 

• Commercial fertilizers 

• Lime 

Many soils cannot supply enough nutrients to meet planned yield goals. When 
this happens, fertilizer, lime, manure, and crop residues can be used to supply the 
nutrients needed to meet crop requirements. 

SOIL MINERALS 

As described in Chapter 2, tlie decomposition of the rock (parent material) from 
which the soil was formed produces the mineral part of the soil. With the exception 
of the nutrient nitrogen, all of the nutrients required by plants are found in the soil 
minerals. Although the most important nutrients (e.g., phosphorus and potassium) arc 
found in abundance in most soils, the breakdown of these minerals into an available 
form is a slow process. 

ORGANIC MAHER 

In addition to supplying nutrients for plant growth, organic matter has many other 
important functions in the soil. 

Organic Matter: Its Function in thte Soil 

1 . Organic matter is a reservoir of chemical elements (nutrients) for plant growth. 

• Organic matter particle ions carry a negative (-) electrical charge. Thus, they 
attract and hold the positively (+) charged nutrient ions of magnesium, 
calcium, potassium, and nitrogen (ammonium, NH/). 

• Most of the nitrogen in the soil's plow layer is found in the organic matter. 

• From 1 0 to 75 percent of the soil's phosphorus can be found in organic matter. 

• Other nutrients, such as sulfur, are contained in organic matter. 
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2. Organic matter provides an energy source for soil organisms. 

• Soil organisms require organic matter for growth and development. 

• As soil organisms grow, develop, and eventually die, plant nutrients 
become available. 

• When the amount of organic matter decreases, the number of soil 
organisms also decreases. 

3. Adequate organic matter improves the physical properties of soil. 

• Soil with adequate organic maner is loose; air can move freely through this 
soil. As a result, respiration takes place. Respiration is required for plant 
growth, but plant roots need a continual supply of oxygen for this process 
to take place. Oxygen is also required to change some materials to 
available nutrients. 

• Loose soil also pcmiits water to enter and move in the soil. Thus, the soil's 
water-holding capacity increases and more water is available for plant use. 

• Organic matter increases the soil's ability to resist erosion. The soil's pore 
spaces become larger and make the soil more granular. If pore spaces 
become smaller, the soil becomes dense and compact. When this occurs, 
water enters the soil slowly and surface runoff increases. 

• When organic matter is lost from soil, the soil tends to become hard, 
compact, and cloddy. Little space is left to hold air and moisture. 

4. Organic matter affects tillage operations of soils. 

• Soil structure breakdown occurs more often in heavily tilled soils. 
However, soils containing more organic matter have a slower structural 
breakdown and arc easier to till. 



mtmcation 

Organic matter is the soil's nitrogen "storehouse." Almost all the soil's 
nitrogen is part of the organic matter. Therefore, when organic matter 
decomposes, nitrogen is released and changes to fonms available for plant use. 
This process is called nitrification. Some chemical fertilizer sources of nitrogen 
must go through nitrification before becoming available for plant use. If nitrogen 
is not in the ammonium (NH*) or nitrate (NO,) form, it is not available to plants. 
For example, animal manure, crop residues, and chemical fertilizers (urea and 
anhydrous amm.onia) must go through nitrification before releasing nitrogen. 
Figure 67 on page 82 shows the following steps that transform unavailable 
nitrogen to available nitrogen: 

1. Ammonia is the first chemical fomed as organic nitrogen materials (manure, 
crop residues, and urea) start to decompose. 

- Ammonia (NH,) is a coloriess, pungent (strong-smelling) gas composed of 
nitrogen and hydrogen. It does not carry an electrical charge; therefore, it is 
neutral (neither positive nor negative). Ammonia is also very water 
soluble. It can be converted to a liquid by subjecting it to cold temperatures 
Q or by pressurizing ammonia gas. 

—i^ ^ 
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• As Figure 67 illustrates, ammonia and ammonium do not require oxygen for 
fomiation. Ammonia is produced by the action of bacteria on organic matter 
materials (manure and crop residue) and urea. Undermost soil conditions, 
bacterial action quickly changes ammonia (NH3) to ammonium (NH^*). These 
processes take place without air (oxygen). Continued soil bacterial action 
changes ammonium to nitrite (NO^O and then to nitrate (NO^). These processes 
require air in the soil and soil temperature to be above 50^ to 55^ F (10.08^ to 
12.88° C). In other words, ammonia and ammonium formation can take place 
in a wet soil with very little air present. However, soil organisms (bacteria) are 
required for organic matter decomposition and the consequent ammonia 
fomiation. 

2. Tlicn, under most soil conditions, ammonia (NH^) rapidly picks up a hydrogen ion 
(H*) and forms ammonium (NH/). If this docs not occur, the ammonia escapes 
into the atmosphere. This is why an ammonia odor can be sometimes be detected 
near a fcmienting manure pile. 

3. Next, ammonium ions (NH/) attach to the soil's clay and organic matter particles 
and are held as exchangeable nutrients. However, when soil temperatures reach 
50° to 55° F (10.08° to 12.88° C) or above, these ammonium ions convert to 
nitrites (SO^ ) (also known as nitrous acids) and then to nitrate.« (NO3O - the 
largest source of plant nitrogen. 

• Nitrate fomiation requires the proper temperature and presence of bacteria and 
oxygen. Therefore, a water-saturated soil prevents nitrate formation due to a 
lack of oxygen in the soil air. 

The opposite of nitrification is denitrification - the breakdown of nitrates in the 
soil. When denitrification occurs, nitrates are lost from the soil. This process is 
described in detail later in this chapter (see Commercial Fertilizers), 
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h\G. 67. The steps in the formation of ammonia and ommonfum. 

DO 



Humus 



Most of the soiFs stable organic matter is humus. This miterial remains after 
the major portion of animal manure and crop residues has decomposed. Humus 
decomposes slowly, thus holding nutrients in an unavailable fotiv. 

In contrast, fresh, green, crop residues, such as alfalfa or clover plants, 
decompose rapidly in the soil when plowed under. Therefore, nutrients from this 
source arc readily available for plant use. 



SOURCES OF ORGANIC MAHER 

Sources of soil organic matter include tt« following: 

1. Animal manure 

2. Crop residues 

3. Green manures 



Animal Manure 

Animal manure (excrement) is an important byproduct of livestock farms. 
When properly handled and applied to cropland, animal manure supplies organic 
matter and plant nutrients. 



NUTRIENT CONTENT OF ANIMAL MANURE 

Farm-produced animal manure varies in the amount of nitrogen, phosphorus, 
and potassium it contains due to the following factors: 

1. Animal type and age 

2. Animal feed ration 

3. Bedding type and amount 

4. Manure storage method 

To illustrate the differences these variables can make. Table 19 on page 84 
lists different animal manures, handling systems, and the approximate pounds of 
three nutrients they provide. Both liquid and solid manures are reviewed. 

Figure 68 on page 84 shows the percentages of nutrients that livestock receive 
from feed, plus the amounts of plant nutrients and organic matter returned to the 
soil from manure. 
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TABLE 19. Pounds of fertilizer r^utrients In onlmo) waste with various handllno systems and livestock* 



LlVOSIOCIC 


nanuiiny dyMtrm 


P O 


NUTRIENT 


Total N 


Liquid Manure 






Lb/hOOO GaBons Saw WastB 




SWiNE 


Ucjuld pit 






OO 




Oxidation cfitch 


27 


19 


24 




Lagoon 


2 


4 


4 


BEEF CAHLE 


Liquid pit 


27 


34 


40 




Oxldotjon dtch 


18 


29 


28 




Lagoon 


9 


5 


4 


DAIRY CAHLE 


Liquid pit 


18 


29 


24 




Lagoon 


4 


5 


4 


POULTRY 


1 iy^i liW (o^i^ 

uquia piT 




OA 




Solid Manure 






Lb/Ton Raw Wasta 




SWINE 


Without bedding 


9 


8 


10 




Witri Dedding 


7 


7 


o 


BLEFCAHLE 


Without bedding 


14 


23 


21 




With bedding 


To 


OA 


01 
z 1 


DAIRY CAHLE 


Without bedding 


4 


10 


9 




With bedding 


4 


lu 


0 

T 




wirnouT DBOOing 


1 1 


OS 






With bedding 


9 


25 


14 


POULTRY 


Without litter 


48 


34 


333 




With titter 


45 


34 


56 




Pit (compost) 


64 


45 


68 



•Adciptod from Utilisation of Animal Wastes as fertiSzer. Bulletin D 101. Purdue University. West Lafayette, IN. 



25% 




15% 



nitrogen phosphate 



potosh 



organic 
matter 



used by animai 
refu/ned from manure 




fresh 



NTROGEN 
3 mor^hs 




PHOSPHORUS 
3 n>onth* 



exposed 



exposed 




POTASSIUM 
3 months 




exposed 



FiG. 68. Graphic representatkin of ttve anrKXints of nufrients used 
from feed by livestock and the anxxints returned to the soi! from 
rronure. 



FfG. 69. Grop^k: repfesentatlon of nutrient loss<^ when manure is 
exposed to weattwing action fof ttvee nnontt^s. 
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NUTRIENT LOSSES FROM ANIMAL MANURE 

Figure 69 represents improper manure handling and the resultant nutrient losses. 
This manure was left in an open barnyard from January through March. 
Consequently, it lost 30 percent of its nitrogen, 24 percent of its phosphorus, and 59 
percent of its potassium. 



Losses from the Liquid Part of Manure 

As shown in Figure 70, the liquid portion of animal manure^ which is mostly 
urine, contains 40 percent of the total nitrogen, 6 percent of the phosphorus, and 60 
percent of the pi tassiuni. Tliercforc, if the liquid pan of one ton of manure is lost, 40 
percent of the plant nutrients available in that manure would be lost as well. The 
nutrients from the liquid part of manure are lost unless enough bedding is used to 
absorb the liquid. In addition to the liquid absorbed by the bedding, the bedding itself 
also contains plant nutrients (sec Table 20). 




40% 
tota! 
nutrients 



FIG. 70. Forty percent of the total plant nutrients arc in the liquid port (mostly urine) of animal manure (fresh animal excrement before any 
bedding has been added). The liquid port contair^s 40 percent nitrogen. 6 percent pf'>osphorus. and 60 percent potassium. (Adoptodfiom or>^:> 
Coopotanva Bxtansicn Service data ) 



TABLE 20. Absorption qualities and nutrient content of bedding materials. 








COMPOSITION OF MATERIALS 






Pounds of Matoriai 




(Pounds p«f Ton - Air Dried) 






Required to Absorb 


Nitrogen 


Phosphafes 


Potash 


Materiol 


100 Pounds of Liquid 


N 




K,0 


Wheat straw 


45 


n 


4 


20 


Oat straw 


35 


12 


4 


26 


Chopped straw 


20-30 








Cornstalks (shredded) 


25-35 


15 


8 


18 


Sawdust 


25 


4 


2 


4 


Wood shavings 


25-45 


4 


2 


4 



Losses from the Solid Parf of Manure 

Losses from the solid part of manure can also be considerable. Following are 
ways in which nutrienls can be lost: 

1. Since potassium contained in the solid part of manure is water soluble, rainfall 
can leach additional potassium from the manure. 

2. Nitrogen contained in the solid part of manure is in organic form. Therefore, as 
manure ferments and decomposes, ammonia is formed and escapes into the air 
(sec Figure 67), 

3. If manure is not applied to fields shortly after production, but allowed to 
decompose in exposed areas, available organic matter is lost (sec "igurc 71). 

4. Some nutrients are lost if manure is applied to a field, not plowed under, and left 
exposed to the elements. 

5. Applying manure on frozen fields also allows nutrients to be washed away when 
the ground lliaws. This is particularly a problem on sloping fields. 

PRACTICES TO PREVENT MANURE NUTRIENT LOSS 

Use the following manure handling practices to prevent nutrient losses; 

1. Use enough bedding to absorb the liquid (see Table 20), 

2. As manure is produced, add superphosphate at ilie rate of 30 to 50 ix)unds per ton 
of manure for the following reasons: 

• Animal manure provides only about 5 to 45 pounds of phosphorus per ton; 
therefore, the addition of superphosphate makes manure a better balanced 
source of nutrients. 

• When added to manure, superphosphate combines with nitrogen-forming 
compounds to prevent ammonia formation. Thus, ammonia does not escape 
into the air 

3. Spread manure as quickly as possible after it is produced (see Table 21), If 
manure must be stored, place it in a covered shed and compact it to keep air out. 
It can also be stored in a liquid pit, oxidation pit, or lagoon. 

When using any manure handling system, prevent fresh water contamination by 
keeping the residues from groundwater, mnoff water, and streams, 

TABLE 21. Nutrient losses from manure 



Percent Actually 
Retumed to the Sol i 

Management Practice N P K 

Spread daily (an liquid saved) 75 100 1 00 

Open barn !0t - 3 months 50 75 40 

Open barn lot - 6 montf^s 30 60 20 

RG. 7? . Gf ophic representation of the effects of weatnering on the organic 
motfer content of one ton of manure. (AOcsptsaffom Ohio Cooperartv^ Extant- 
Q ton Service dora. ) 

ERIC - - 
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Crop Residues 

Crop residues arc those parts of ihc crop remaining in fields after harvest. 
Depending on the crop produced, lliese residues can include stalks, straw, leaves, 
or roots. In grain production (e.g., com) all the plant parts (except the grain) can 
be plowed under or worked into the soil. In forage production, tlic roots may be 
the only part remaining in the field. 

ORGANIC MAHER AND NUTRIENT SUPPUES FROM CROP RESIDUES 

Crop residues are the most imponant source for maintaining or increasing the 
soil's organic matter content. In addition, crop residues supply valuable nutrients. 
The types and amounts of these nutrients arc determined by the crops grown. For 
example, a cropping sequence of alfalfa for three years, com for one year, and 
small grains for one yearcorld supply approximately 15,(X)0 pounds (7.5 tons) of 
organic matter, 60 pounds of nitrogen, 40 pounds of phosphoms, and 100 pounds 
of potassium. Table 22 gives Uie total weights and nitrogen perccnts in the root 
systems of various crops. 

Table 23 gives the approximate amounts of primary nutrients supplied by 
various crop residues. For instance, 60 pounds of nitrogen is supplied by alfalfa 
grass residue as compared to -30 pounds from com or small grain residue (stalks 
or straw). 

TABLE 22. Pounds of roots and nitrogen pcrconts from legume and grass plant roots* 



Amount per Acre 







Weight of 


Percent 


Crop 


Tim© of Sampling 


Roofs 


Nlfrogen 


Pad ciovGf 


Average of 48 dotes and growlh stages 


\000 


22 


Alfoifa 


Late fall, seeding year 


1270 


28 


Alfalfa 


Late fall, first-year hay 


2.680 


2,3 


Affalfo 


Late falf. second-year hay 


3,400 


23 


Sweet clover 


November, seeding year 


2,640 


3.6 


Sweet clover 


July, year after seeding 


800 


1.7 


Soybeans 


Pods wefl filled and 3.800 pounds of tops 


550 


1.5 


Timothy 


December unfertlliZGd 


4J80 


1.7 


Timothy 


December fertilized 


6.080 " 


2 1 


Bluegrass 


Old sod 


6.770 


2.1 


[?yegrass 


Sown in corn and sampled following spring 


6.000 


07 



'Data adopted f/o/n Ohio Agrlculfufol f?csoa/ch and Dovolopn^nf Cantor. 
•*{ncfudos all undorground parts well as true roots 



TABLE 23. Estimated amounts of nutrients supplied 
per acre from plowing under different residues* 



Kind of 
Residue 


Pounds N 
Supplied 


Pounds PjO, 
Supplied 


Pounds K,0 
Supplied 


Alfoifa grass 


60 


20 


60 


Clover grass 


30 


20 


30 


Mostly gross 


10 


ID 


10 


Stalks Of straw 


-30 


10 


30 



O *OhfoAgficuffufalf^0afChandDevekH>^ri(^fCo^^^ ^ ^ 
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CARBON-NITROGEN RATIO OF CROP RESIDUES 



Carbon-niirogcn ratios of crop residues arc shown in Table 24. For example, com 
stalks have a ratio of 40 parts carbon to 1 part nitrogen; com stalks and roots have a 
high carbon content. In contrast, alfalfa has a low carbon-to-nitrogen ratio of 12 to 1. 

A low carbon-lo -nitrogen ratio is preferable because residues with high ratios can 
be converted to organic matter only if enough nitrogen is present to decompose them. 
If sufficient nitrogen is not present* most of tliesc residues arc "burned up" and lost to 
the atmosphere as carbon dioxide and water. In turn, without this organic matter, 
additional nitrogen cannot be released (refer to Figure 67). In other words, it takes 
nitrogen to make nitrogen. 

If crop residues arc plowed into the soil, soil organisms (bacteria) feed on this 
new food supply and rapidly multiply. They decompose the crop residues into 
organic mailer, and nitrogen is eventually released for crop plant use. However, in 
order for the soil organisms to multiply, the crop residues must contain a carbon-lo- 
nitrogen content of 10 parts carbon to 1 part nitrogen. If this 10 to 1 ratio is not 
present in the crop residues, soil organisms use nitrogen present in tlie soil 



Green Manure Crops 

A green manure crop is another source of organic matter and plant nutrients. In 
one respect, green manure crops and crop residues arc similar: both arc plowed under 
or worked into the soil. However, Uiey differ in tJic following ways: 

1. A green manure crop is grown specifically for soil improvement puiposcs; crop 
residues remain after a grain or forage crop is harvested. 

2. Green manure crops arc plowed under while still green and succulent; crop 
residues arc often in a dry (dead) condition when plowed under. 



TABLE 24, Tho carbon-nitrogen ratios of crop residues and 
the pounds of humus formed from these residues 



Kind of 


Cofbon-Nltfogen 


Pounds of Residual 


Organic 


Residuo 


Ratio 


Humus Formed* 


Matter Lost 


Corn stalks 


40 to 1 


1.180 


5.820 


Straw 


41 to 1 


1750 


5.250 


Rye (green stage tu^nod undof 








before heeding) 


33 to 1 


2,300 


4700 


Pod clovor 


26 to 1 


3 J 70 


3.830 


Aifalfa 


12 to 1 


3,500 


3«500 



Any of the above crop residues plus enough nitrogen to provide o lO-to-l ca(t)on-to-nitrogen rato, gave 
opproximoteV 3700 pounds of humus and 3.300 pounds of organic mattof. 

'from the deccmposition of 7,000 pounds of crop residue 

Data odcpfod from Ohio Agficuffural Research arid Dovofopmont Confer Infofrtxttion. 
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SELECTION OF SUITABLE GREEN MANURE CROPS 

There are many crops and even weeds which are suitable as green manure 
when worked into the soil. In general, a green manure crop is desirable for the 
following reasons: 

1. Establishes easily and grows rapidly. 

2. Produces a large amount of succulent above -ground (top) growth and roots in 
a short time. 

3. Provides complete ground cover in a short period of time, thus preventing 
erosion on sloping soils, 

4. Grows on poor soils - Green manure crops are needed most on poor soils, for 
example, coarse-textured (sandy) soils and fine-textured (clay) soils with poor 
soil structure benefit greatly from green manure crops. 

If possible, when selecting a green manure crop, consider legumes for their 
nitrogen-providing capabilities. As shown in Tables 22 and 24, legumes provide 
more nitrogen than non-legumes. The carbon-to-nitrogen ratio for alfalfa is 12 to 
1 compared to a 40-IO-1 carbon-to-nitrogen ratio for com stalks. In spite of these 
facts, following are some disadvantages when using legumes as a green manure 
crop; 

1. Legumes are often difficult to establish in fields with low soil fertility and low 
pH. 

2. Legumes may be more valuable as livestock feed than as green manure. 

3. Many legume seeds are expensive. 

4. Some legumes do not fit into the cropping sequence at a time when they can 
be plowed under as green manure. 

Table 25 lists crops often used for green manure and their growth charac- 
teristics. 



TABLE 25. List of possible green manure crops and their growth charactertsfics 



Crop 



Tlm^of 
Y©ar to 

Establish 



Will Grow 
W«ll on 
Low-fertility 
Soils 



pH 

Rdquirermnt 



Eas#of 

Establishn>«nt 



Amount of 
Maljrkst 
0opt-rool>> 



Rapid 
Ground Cover 
Growtti 



LEGUMES 



Alfalfa 
Sweet ciover 
Red clover 
Soybean 



NON-LEGUMES 

Rye 
Ryegrass 
Wheat 
Corn 




Spring or summer 
Spring 
Spring 
Spring 



Fall 
Spring or fait 
Fall 
Spring 



No 
Ves 

Fairly well 
Fairly well 



Ves 
Yes 
Ves 

Fairly well 



7 
7 

6 to 6.5 
6 to 6.5 



5,5 to 6 

6.5 to 6 

5.6 to 6 
5.5 to 6 



Fairly difficult 
Fairly easy 
Fairly easy 
Fairly eosy 



Easy 
Easy 
Easy 
Easy 



High 

High 
FalrV high 
FairV high 



High 
Fairly high 
Fairly high 

High 



No 
No 
No 

Fairly fOQid 



Ves 
Ves 
Ves 
Ves 



W7- 
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PROBLEMS WHEN USING GREEN MANURE CROPS 

Even though green manure crops can add to the organic matter and nutrient 
content of a soil, they also can cause the following problems: 

1 . Non-legume crops may have a high carbon-to-niirogen ratio which can reduce the 
available nitrogen in the soil. (See Crop Residues in this chapter.) Plowing under 
a heavy crop, such as rye or ryegrass, can result in nitrogen deficiency of the 
following crop. This usually happens when the green manure crop is phwcd 
under late in the spring after considerable growth has occurred. This condition can 
be corrected by adding nitrogen fertilizer when the green manure crop is plowed 
under. 

2. A green manure crop may deplete the soil moisture for the succeeding crop. This 
usually occurs under the following conditions: 

• The green manure crop has had heavy growth. 

• The green manure crop is plowed under in late or early spring. 

• Below nonnal rainfall occurs during the growing season. 

In general, use green manure crops to improve soils with poor texture and low 
fertility, to maintain or increase the soil's organic matter content, and to provide soil 
cover to prevent erosion. 



Nitrogen Fixation by Legumes 



Legumes arc important to agricultural production for the following reasons: 

1 . Legumes are a valuable source of livestock food - for example, hay, pasture, and 
silage, 

2. Seeds produced by some legumes arc a valuable source of food for humans and 
livestock. 

3. When plowed under, legumes increase the soil's organic mailer content by 
improving soil structure ai^d tilth, 

4. Extensive root systems and year-round growth of several legumes help prevent or 
reduce soil loss by erosion. 

5. Legumes fix atmospheric nitrogen in the soil 

Table 26 lists legumes commonly grown in the midwcstcm states and their uses 
and values as nitrogen .sources. 

" - -us 



er|c 
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TABLE 26. Legumo crops - their usgs and values as nitrogen sources 





Primary 


Vaiuo as 


Legunn© 




50urc# OT ri 


Alfalfa 


Hay - pasture 


High 


Red clover 


Hay 


Medium 


Birdsfoot trefoil 


May - pasiure 




Sweet clover 


Green manure 


High 


Alsike clover 


Hay 


Low 


White (ladino) clover 


Pasture 


Medium 


Lospedeza 


Pasture - hay 


Low 


Soybeans 


Seed 


Low 


Garden beans, peas 


Seed 


Low 




FiG, 72. The roots of this soyboan 
plant show nodate formation. 
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Nodule Formation 

Figure 72 shows nodules present on Ihc roots of a legume plant. These 
nodules contain nitrogen-fixing bacteria called rhizobia. The legume plant and 
the rhizobia can live independently of each other. They both use the nitrogen 
available in tlie soil in the form of ammonium or nitrates. However, since neither 
the legume nor the rhizobia alone can convert nitrogen in the air to ammonia, a 
partnership must be formed. This partnership, which benefits both the legume 
plant and the rhizobia, is called symbiosis. When rhizobia are present, the 
legume plant can take nitrogen from the air and convert it to ammonia (NH^). 
The ammonia then converts to ammonium (NH/) and nitrates (NO3'). (Refer to 
Figure 67 on nitrification.) Why rhizobia arc associated with only legumes is not 
known. Likewise, for unknown reasons certain disease-causing bacteria attack 
Y/-- only specific plants. 

99 
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The following steps occur during nodule formation: 

1. The root hairs (filament-like extensions that absorb water and minerals) of 
legume plants secrete a nutritive substance that increases the number of nitrogen- 
fixing bacteria in the surrounding soil (see Figure 73-A). 

2. In turn, these nitrogen-fixing bacteria produce a substance that will allow tliem to 
easily enter the root hairs, 

3. Next, plant-produced growth regulators prepare the root hairs for the entrance of 
the nitrogen-fixing bacteria. As the root hairs curi, the bacteria enter the root hairs 
(see Figure 73-B), Nitrogen-fixing bacteria will enter only curled root hairs: 
however, tliey will not enter all the curled root hairs. 

4. After the bacteria have entered the root hairs, an infection thread forms and grows 
through the root hair to tlic cortex (outer layer) of the root (see Figure 74- A), 

5. The infection thread stimulates the tissue cells of the root cortex and causes them 
to rapidly divide, 

6. Aficr this rapid cell division, the bacteria are released from the infection thread. 
They increase in number and fonn bacterlods (several bacteria) that are held in 
groups by a membrane covering (see Figure 74-B), These bacteriods form a 
nodule* 

7. If the bacteria is a type that can be used by the specific legume plant, nitrogen 
fixation occurs and a red pigment is visible inside the nodules. This red pigment is 
in the membrane surrounding the bacteriods. If nitrogen fixation occurs, the 
bacteria and legume plant are said to be compatible - that is, a parmership exists 
between the bacteria and the legume plant. 




Factors Affecting Nitrogen Fixation 

The following factors determine the amount of nitrogen fixation: 

1 , Soil pH - This affects the growth of nitrogen-fixing bacteria (riiizobia) in the soil. 
If the soil is very acid (pH of 4,5 to 5,5), heavier concentrations of hydrogen, 
aluminum, and manganese ions arc present. These have a toxic effect on nitrogen- 
fixing bacteria and legume plants. In addition, the micronutrient molybdenum is 
required for niuogen fixation. If the pH is low, molybdenum is unavailable. 



Legume species - The plant species can also affect the amount of nitrogen 
fixation. A ten-year study in New York found the extent to which different 
legume species are able to fix nitrogen. Since alfalfa is able to fix more nitrogen 
than any of the other common species of crop legumes, it was given an index of 
1(X). From these results, we can see that soybeans fix 58 percent less nitrogen than 
alfalfa (see chart below). 

Crop Percentage Crop Percentage 



Alfalfa UX) Soybeans 42 

Red clover 60 Hairy vetch 27 

Alsike clover 50 Field beans 23 

- - — - IfHI 




FIG. 73 

A: The nun>bef of nitrooon-flxlryg bactafia if>creose$ around tno root hairs of iGQume plants. 
S; Tho nitfogen-fixing boctefia onter the root hairs as they begin to curt. 



root hair 




infectlor^ 
thread 



cortex 
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FIG. 74 

A; After nltrogen-fixIng bacf^rla enter the root hafrs, an Infection thread fornris and grows through the roof hoir to the cortex 1hts infection 
thread stmuiates the tissue cells of Itie cortex ar^d caoses ttiom to rapkly divide. 

S: Next, the bacteria are releosed from the infection ttveod; tt^y muttipV and fofm bocteriods. 
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3. Bacteria preference - Due lo frequent contacts over long periods of time, cenain 
legume species have developed preferences for certain strains of bacteria. As a 
result, the common crop legumes fall into eight cross-inoculation groups (see 
Table 27). To effectively provide the correct nitrogen-fixing bacteria (rhi/obia) 
species, the crop producer must be familiar with this information. However, if 
legume crops have been grown successfully for several years in one location, 
introducing the specific inoculant is generally not necessary. 

4. Environmental factors - Temperature, moisture, and sunlight also influence the 
amount of nitrogen fixation. These factors influence plant growth and bacterial 
growth, which then determine liic amount of niln^gen fixation. 

5. Soil conditions - Soil drainage, amount of compaction, texture, and structure also 
influence plant and bacterial growth which, in turn, affect nitrogen fixation. 

6. Nutrient supply greatly influences the rate of nitrogen fixation. If adequate 
nitrogen is available in the soil, legume plants slow down nodule formation and 
nitrogen fixation. Therefore, if more nitrogen (fertilizer) is applied to legumes, 
less nitrogen is fixed by them. This is an important consideration in soybean 
production. 

To produce 70-bushcls-per-acrc yields, soybeans require as much as 300 pounds 
of nitrogen. Research shows that neither nitrogen fertilization nor nitrogen-fixing 
bacteria alone can supply these needs. Nilrogen-fixing bacteria usually supply only 
50 to 80 percent of the total nitrogen requirements of the plant. It has been 
established that each bushel of soybeans requires 1.7 pounds of nitrogen from the soil 
and 1.7 pounds of nitrogen fixed by the plant. However, on soils lower in organic 
mailer, soybeans may be able to fix as much as 2.7 pounds of nitrogen per bushel of 
seed (80 percent of the nitrogen requirement). Other legumes react similarly. 
Therefore, to receive optimum yields, the legume producer must consider the soil 
conditions, environmental conditions, the species grown, and the availability of 
nuiricnts and nitrogen-fixing bacteria. 



TABLE 2/ legumo species and their inoculation groups 

Inoculant 

Legunrye Species Group 

Affaifa - swoet clover t 

Rod, whitG (ladino), oisiko and crimson clovers H 

Annual lespedGza. cowpeas. kud^u and lima beans HI 

Garden poos, vetch and sweet peas IV 

SoyDGons V 

Gordon ond pinto beans VI 

Lupines VII 

Btfdsfoot trofO)! Vlll 
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Commercial Fertilizers 



Animal manures and crop residues can add plant nutrients; however, they 
usually do not supply enough to produce high crop yields. Commercial fertilizers 
are needed to produce high yields. In general, these f'Tiilizers supply nitrogen, 
phosphates, and potash. Special fertilizers supply micronutrients, such as zinc or 
boron, but in most crop-growing situations additional micronutrients are not 
needed. Calcium and magnesium arc usually supplied by lime. 



NITROGEN FERTILIZER SOURCES 

Nitrogen is an inert gas that comprises four fifths of the earth's atmosphere. 
With the exception of legumes, this vast source of nitrogen cannot be used by 
plants unless it combines with hydrogen or oxygen. This combination forms 
compounds iliai are available to plants. 

Commercial fertilizers provide the following forms of nitrogen: 

1. Nitrates 

2. Ammonium 

3. Synthetic organics 

4. Natural organics 



Nitrates 

All nitrogen fertilizers have one thing in common: if they are not in nitrate 
fonn, they are converted to nitrates in the soil (see Figure 75). Ammonia and 
nitric acid arc used in the manufacture of nitrate nitrogen. 
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NITRATE SOURCES 

T\\c following arc commercial fertilizer sources of nitrate nitrogen: 

• Ammonium nitrate contains 3.5 percent total nitrogen. Approximately 50 
percent of this total nitrogen is in nitrate form. 

• Calcium nitrate contains 15 percent nitrogen and 19 percent calcium. It also 
conta)ns a very small amount of magnesium. 

• Potassium nitrate contains 13 percent nitrogen and 44 percent potassium. 

• Nitrate of soda is a natural source of nitrate nitrogen. It is mined in this usable 
form and does not require manufacture. Nitrate of soda cov^ains 16 percent 
nitrogen. 



NITRATE MOVEMENT IN THE SOIL 



The nitrate ion (NO3') carries a negative charge. This means it will not attach to 
ihc negatively charged ions of clay and organic matter particles. Thus, these 
negatively charged nitrate ions remain free and unattached in the soiK Since nitrates 
are easily dissolved in water, they become part of the soil solution (soil water) and 
move with it (see Figure 76). On the other hand, ammonium ions (NH/) attach to the 
soil particles. The following arc examples of conditions promoting nitrate movement 
in the soil: 

1. If the growing season is dry, the soil water carries ihc nitrate nitrogen to the soil 
surface and deposits it. 

2. Willi sufficient rainfall, nitrates move back into the soil with the soil solution and 
become available for plant use, 

3. If rainfall is too heavy, one of the following situations may result, depending on 
the soil condition: 

• The nitrates in the drainage water move down and away from the crop root 
/one and arc not available for plant use. 

• In poorly drained soils, denitrification may occur and the nitrates are not 
available for plant use. 



FiG 76 A NcKiativoly chorgod 
ion$ do not otfoch to the soil 
f;ii:TiCk»s end flow ffooly wtfh 
Tht? sotl wofef B: Positively 
cfvK9(>d cmrrxjoium ions attCKh 
to tho soif porticles 
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DENITRIFICATION 

Denitrification is an example of volatilization - tlic conversion of a solid to a gas. 
In this case, nitrate - a solid - is converted to atmospheric nitrogen - a gas, 
Denitrification favors warm, wet soils with large amounts of crop residues 
incorporated into the soil (plowed under). This process results from the following: 

1 . Certain soil organisms (bacteria) require oxygen in order to survive. 

2. Under normal soil conditions, the soil pores contain air. Soil organisms obtain 
their oxygen from this air. 

3. Under wet soil conditions the soil pores fill with water and displace the air (see 
Figure 77). The high water content of this soil prevents additional air from 
entering the soil. For this reason, the soil organisms must obtain their oxygen 
from nitrates (NO^ ). During this process nitrates are converted to their natural 
gaseous state of nitrogen and oxygen (See Figure 78). 

- -■- - 
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soil 



woter 



air 





FIG. 77. A; These soil pores contain both air and watef , I: Th^e soil poros are comptetefy filled with wator that hos displaced the air. Under 
these cor^ditions, 0)cyQen is lacking \n the soS and nitrate nitrogen can be converted to oosas. 



ixntdtm 
N0> 



SOIL SURFACE 




Induced 
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FIG. 78 Dentfiticotion occurs In warm, nrolst soils hoving tafge amounts of crop reslduas ptowed under. So^l organisms react with the nitrotos 
(NOj) In the soil and cause a lock of oxys^n. These nitrates are tt^n convofted to a gas (NOp and leave the sol. 



Even though nitrogen is supplied through urea and ammonium, it can be 
readily lost in warm, wet soils. Under these conditions, urea and ammonium 
convert very rapidly to nitrate. 



AMMONIUM 

The ammonium ion (NH/) is positively charged: it will attach to the soil's 
clay particles. Since ammonium ions are '*hcld** by clay particles, they move less 
in the soil than nitrates do. However, as mentioned above, ammonium is rapidly 
converted to nitrate when temperatures are warm (see Figure 79). This 
conversion from ammonium to nitrate form starts at 50"* to 55° F (10.08° to 
12.88° C) and rapidly accelerates when temperatures reach 70° F (21.28° C) or 
higher. 



100 
90 
60 
70 
60 
50 

50 
20 
10 
0 
•10 



Ammonium 
r^ltfogen rapidly 
converts to nitrate 



Uttfe conversion 
takes place 



No ammonfum 
nitrogen converts 
to nitrate form, 
NH4(+) is firmly 
fixed to cfay 
particles (-) 



FfG. 79. As the temperoture rises, 
ammonium Ions convert to nrtfofa 
form. 
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FIG. 80. Tho stops involved in ommonia (NH^ product ton 



NHj (amfnonia) 



Ammonium forms of nitrogen can be applied during laic auiumn or early spring 
when soil temperatures arc below 50'' to SS"" F (10.08" to 12.88"* C). At this lime the 
soil bacteria needed for converting ammonium to nitrate arc not very active and 
conversion docs not occur. 

Carriers of ammonium arc ammonium sulfate, ammonium nitrate, and ammonium 
solutions (liquid fomis). 



Synthetic Organics 



HIGH 
PRESSURE 



HIGH 
TIMPERATURE 



I i ^ 



carbon 
dioxide 

CO: 



ammonia 

NH3 



urea - cocnh?).^ - ^6% n 
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ANHYDROUS 

Anhydrous ammonia (NH3) - ammonia without water - is the first compound 
produced in synthetic nitrogen fertilizer manufacturing. Il is a lightcr-than-air, 
colorless gas containing 82 percent nitrogen. Anhydrous ammonia is made by 
combining nitrogen from the air with hydrogen from natural gas, coal or the soil (see 
Figure 80). This nitrogen-hydrogen bonding lakes place when the two elements are 
exp()sed to high temperatures, high pressures, and a catalyst (substance that promotes 
the reaction). Anhydrous ammonia is injected directly into the soil using special 
equipment described later in Chapter 5, 

Ammonia is used to produce other synthetic nitrogen materials such as urea. 



UREA 

The synthetic nitrogen source, urea, is produced by combining carbon dioxide 
(CO J with ammonia under high pressures and high temperatures (sec Figure 81). A 
large percentage of the commercial nitrogen fertilizer currently used is in the urea 
form. 

Chorocterisfics of Urea 

Tlie following are characteristics of urea: 

1 , It is a water-soluble material containing 45 percent nitrogen. 

2, It converts to the ammonium form when applied to the soil. Therefore, its action 
in the soil is similar to ammonium, 

3, Since urea must first convert to ammonium, it becomes available to plants more 
slowly ilian ammonium forms of fertilizer. 
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Urea changes 
to a gas — — . 




Ammonia gas (NHs) iosf to atmosphere 



SOlLSUUfACE 



Urea changes to ammonia, then to ammonium 



SOIL SURFACE 




F(G. 82, Dunng warm, molsf conditions surfaca-cpplled urea nxiy convert to ammonia gas and escape Into tfie afnxjsphere. It urea !s applied 
in the soil, it converts first to ammonia (jos ond ttion fo ammonium before tt>e gos can escape. 



Urea Loss from the Sol! 

When urea is applied lo the soil surface, it may be lost through volatilization - 
the process of changing a usable form of nitrogen to a gaseous form. The 
volatilization of urea occurs in the following steps: 

1. Urea nitrogen is rapidly converted to ammonium carbonate under warm, 
moist conditions and in the presence of the enzyme urease. (An enzyme is a 
substance lliat causes a reaction to take place; it serves as a catalyst.) 

2. In turn, ammonium carbonate - an unstable compound - rapidly breaks down 
into ammonia, carbon dioxide, and water (see Figure 82). If this occurs on the 
soil surface, ammonia gas escapes into the air. However, if this occurs in the 
soil, the ammonia quickly changes to ammonium and then to nitrate. 

The amount of urea nitrogen lost from surface-applied urea sources may vary 
considerably, depending on tlie weather. If it rains soon after the urea is applied, 
most of the water-soluble urea moves into the soil. 



CALCIUM CYANAMIDE 

Another synthetic nitrogen material is calcium cyanamlde. It is made by 
combining nitrogen gas with calcium carbide. As a nitrogen source, it is not as 
important for crop production as ui-ea or anhydrous ammonia. 



Natural Organics 

Natural organics include both animal and plant byproducts, such as t.'mkage, 
blood meal, linseed meal, and cottonseed meal. All of these natural organic 
products are high in protein content, but are usually too expensive to be used as 
commercial fertilizers. In addition, when natural organics arc applied to the soil, 
they must be decomposed by microorganisms before the nitrogen is available. 
^ This decomposition changes the protein nitrogen into ammonia nitrogen. 
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PHOSPHORUS FERTILIZER SOURCES 

Three phosphorus sources arc organic matter (crop residues and manure), soil 
minerals, and commercial fertilizers. Most of the phosphorus used by plants is in 
the phosphate forms of HPO/ and H^PO/. Regardless of the source, plants absorb 
phosphorus in these same two fomis. Whether the phosphate form is H^PO/ or HPO/ 
is determined largely by the soil pH. When the pH is alkaline (above 7), the 
phosphate form is mainly HP(^^ . When the pH is moderately acid (slightly below 7), 
both HPO/ and H^PO^- arc present. When the soil becomes strongly acid the 
phosphate form present is mostly H^PO^". 



Water Solubility of Ptiosptiorus Fertilizers 

As with nitrates, phosphates are absorbed by plants mainly through the soil 
solution (see Figure 83). However, unlike nitrates, phosphates do not leach from the 
soil: they are not lost when phosphate compounds are broken down by soil 
organisms. Phosphorus forms are lost from the soil only through erosion. Therefore, 
if erosion is controlled, phosphorus reserves can be built up in the soil by applying 
large quantities of phosphorus fertilizers at one time. 




Some available 
from soil minerals 



F!G. 53. Phosphorus Is avoifoblo to the plants through organic matter and comnr«rck3f iemizQr. 
Pfants absorb the pho&phoajs rroiny through the soif solution. 



In most soils, only a small amount of phosphate is available to plants at any 
one time - even if a highly water-soluble source (e.g., superphosphate) is 
applied. The reasons for this follow: 

1. Water-soluble phosphorus forms can rapidly convert to insoluble forms in the 
soil. For example: 

• On acid soils, water-soluble phosphorus is converted to iron and aluminum 
phosphates, limiting phosphorus availability. 

• On neutral or alkaline soils, water-soluble phosphorus is converted to 
calcium phosphate, which is moderately soluble. 

• Phosphoms compounds arc most soluble at a pH of 6.5. A variation in pH 
can cause the phosphorus to become insoluble. 

• Wlicn phosphorus fertilizers arc applied to a soil, they diffuse (spnjad out) 
very little. Dissolved phosphorus usually diffuses no more tlian 1 1/2 
inches from the fertilizer granules Figure 84). 

2. When plant roots grow into zones of phosphorus fertilizer, they absorb the 
phosphates, lowering the phosphorus content of the soil solution. However, 
when this happens more solid phosphorus from the fertilizer granules enters 
the soil solution, restoring the soil's phosphorus content. This depletion/ 
renewal process can take place as often as ten times a day. As plants grow, 
their root systems extend into new areas of phosphorus soil solutions and the 
process continues. Since phosphorus does not diffuse far from granule 
application sites, plant roots are able to find zones of available phosphorus. 



Phosphate Rock 

Phosphate rock is the ore used in the manufacture of phosphorus fertilizers. 
Phosphate rock is mined in Florida, Tennessee, South Carolina, Idaho, and 
Wyoming. The phosphorus in phosphate rock is combined with calcium and 
fluorine. In this form it has a very low degree of availability to plants. Therefore, 
during phosphorus fertilizer manufacture, phosphate rock is treated with sulfuric, 
phosphoric, or nitric acid. These treatments form more soluble, available phos- 
phates. 



A 

30 minutes 



B 

?4 hours 



C 

30 hours 



D 

5 days 




soil solution phosphorus granule dissolved phosphorus 



(dtarnetor of area covered • 1.5 Inchos) 



RG. 84. Tho diffusion of dl&so^od phosphorus at various time intervals after application, 
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Rock Phosphate 

Rock phosphate is unrefined phosphate rock ore sold as phosphorus fertilizer. It 
coninins 34 percent phosphate (Pp^X but only 3 to 8 percent is in a fomi available to 
plants. Consequently, if rock phosphate is used as a phosphorus fertilizer source, it 
should be applied at 1,000 to 2.000 pounds per acre. These large amounts are 
necessary due to the low percentage of available phosphorus in rock phosphate. 



Superphosphates 

Superphosphates are the most common sources of phosphorus fertilizers. Two 
kinds of superphosphates are produced: ordinary superphosphate and concentrated 
superphosphate. Both kinds arc 85 percent water soluble. 



ORDINARY SUPERPHOSPHATE (20 percent P,0,) 

Ordinary superphosphate is made by mixing rock phosphate with sulfuric acid. 
This converts most of the phosphorus to mono-calcium phosphate. Calcium sulfate 
(gypsum) is also formed. Fifty percent of ordinary superphosphate is comprised of 
calcium sulfate. 



CONCENTRATED SUPERPHOSPHATE (45 percent Pp^) 

Concentrated superphosphate fertilizers arc often referred to as double or triple 
superphosphates due to their higher concentrations of P^Oj. To produce concentrated 
superphosphate, phosphoric (and some sulfuric) acid is mixed with rock phosphate. 
Mono-calcium phosphate is the resulting phosphorus compound. No gypsum 
(calcium sulfate) is formed in this phosphoric acid/rock phosphate reaction; thus, a 
higher jx:rccntage of P^O^ is produced. 

Concentrated superphosphate is the most widely used source of phosphorus in 
commercial fertilizers. It can be directly applied in dry form, mixed fertilizers, and 
bulk blends. A ton of concentrated superphosphate (45 percent PjOj) supplies as 
much phosphorus as 2 1/4 tons of ordinary superphosphate (20 percent P^O^). This 
haS the following advantages: 

1 . Lower transportation costs 

2. Less material to handle 

3. Fewer bags or containers required for material storage 

Calcium l^etaphosphafe (63 percent pp.) 

This source of phosphorus is made by treating rock phosphate with phosphoiois 
oxide. (Phosphorus oxide is made from burning phosphorus in the smelling of 
phosphorus rock.) Calcium metaphosphate contains 63 percent P^O^ that is citrate 
soluble; only 1 percent is water soluble. Due to the low water solubility, this product 
is not suitable to use as starter fertilizer for row crops. 

Calcium metaphosphate is used mainly as a bulk application to build soil rcserves 
of phosphorus or as a topdrcssing for meadows and pastures. 



Ammonium Phosphate (48 Percent pp.) 

Ammonium phosphate supplies two nutrients: nitrogen and phosphorus. In 
addition to containing 48 percent PjOj, it contains 1 1 percent nitrogen in 
ammonium form. Ammonium phosphate is manufactured by treating phosphoric 
acid with ammonia and then evaporating the solution. The phosphorus is highly 
water soluble. 

This phosphate forni is used in mixed fertilizers, in bulk blends, and as a dry, 
direct-application fertilizer. 



Phosphrric Acid 

There are two types of phosphoric acid: ordinary phosphoric acid (54 
percent Pp^), and superphosphoric acid (70 percent P^Oj). 

Ordinary phosphoric acid is made by applying sulfuric acid to rock 
phosphate. This produces ordinary superphosphate. Phosphoric acid is also made 
through an electric furnace process. This produces phosphoric acid with fewer 
impurities. 

Ordinary phosphoric acid is used in the following ways: 

1 . As a direct-application liquid fertilizer 

2. In superphosphate fertilizer manufacture (phosphoric acid 
and rock phosphate) 

3. In ammonium phosphate manufacture (ammonia and phosphoric acid) 

4. In liquid mixed fertilizer manufacture 

5. In superphosphoric acid manufacture (phosphoric acid is concentrated) 

Superphosphoric acid is a concentrated form of regular phosphoric acid. It is 
produced by evaporating the water from ordinary phosphoric acid. 
Superphosphoric acid is used to manufacture liquid fertilizer mixtures because it 
keeps any solids present in the liquid fertilizer in suspension. (It is also used to 
make supeiphosphate fertilizers having a higher-than-normal phosphorus content. 

Basic Slag (lO Percent Pp^) 

Basic slag is a byproduct of steel manufacturing. In this process, iron ore and 
limestone are heated in a fumace. Iron ore impurities combine with the limestone 
and form slag. The amount of Pp^ in this slag depends on the amount of 
phosphorus in the iron ore. Slag generally contains 3 percent Pp^. Basic slag is 
used in a limited geographic area (e.g., near Birmingham, Alabama) and has 
limited use in crop production. 



Bone Meal (25 Percent Pp^) 

Bone meal is a good source of phosphorus for plants, but it is very expensive. 
Some bone meal is used in small packaged fertilizer products for flower growers, 
but most is used as livestock feed. 
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POTASSIUM FERTILIZER SOURCES (K) 

There are several types of potassium fertilizers, and potassium is present in a 
number of chemical compounds in these fertilizers. The amount of potassium present 
in potassium fertilizers is usually measured and reported as the equivalent of K^O, or 
potassium oxide. Tlic letter "K" - the chemical symbol for potassium - comes from 
the German word "Kalium," meaning potassium. Potash is the word often used when 
referring to potassium fertilizer sources. The word "potash" comes from an old 
extraction method for potassium. This method involved leaching potassium salts 
from wood ashes in pots; the water was then evaporated. Remaining material or 
residue was referred to as "pot ashes." 

Potassium, like phosphorus, comes from mineral ores. Potassium ore contains 
about 30 percent potassium oxide (KjO). These mineral ores also contain magnesium 
and sodium. As a result, complex refining must be done to separate the potassium, 
magnesium, and sodium compounds. Some of the largest potassium mines are in the 
western United States and Canada. Unlike rock phosphate, potassium ore can be used 
almost directly as a plant nutrient without chemical changes. 

Another potassium source is natural brine. Searles Lake in California and the 
Salduro Marsh in Utah are two important extraction sites. The brine at Searies Lake 
contains 3 percent potassium oxide; the brine at Salduro Marsh contains 2 percent. In 
contrast, ocean water contains about 0.04 percent potassium oxide. 



How Potassium Reacts in ttie Soil 

Potassium enters plants as positively charged (K*) ions from the soil solution. On 
the other hand, potassium (K ) is readily available from the negatively charged 
exchange sites of the clay and organic matter panicles. The percentage of total 
potassium present in a soil in the exchangeable form is a very small part (1 to 2 
percent) of the total potassium present in soil. Since potassium ions arc absorbed on 
the negatively charged exchange sites of clay and organic matter particles, it docs not 
leach from the soil. However, leaching will occur, to some extent, on coarse-textured 
soils with a low cation exchange capacity. 



Potassium Cliloride or Muriate ofPotasli (KCi) 

Potassium chloride is also referred to as muriate of potash - muriate meaning 
chloride. Muriate of potash contains 60 to 62 percent potassium oxide (K^). About 90 
percent of potassium fertilizers sold are muriate of potash. They can be applied 
directly to the soil, used in mixed dry fertilizers, or bulk blended. Potassium chloride 
can also be used in liquid fertilizer fomiulations since it readily dissolves in water. 

As Figure 85 shows, when fertilizer is applied to soil as muriate of potash (KCI), 
ihc positively charged K* ions are released from the exchange sites of the clay and 
organic matter particles. The negatively charged chlorine (CV) ions tend to move out 
^ of ilie plant root zone in water percolating through the soil. 
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Potassium Sulfate (K,so^) 



Another potassium fertilizer source is potassium sulfate. This compound is a 
white salt that is 48 to 50 percent KjO. Although potassium sulfate is more 
expensive than muriate of potash, on most crops it produces the same results. 
Potassium sulfate is mainly used on tobacco and potato crops. It also supplies 
sulfur - a secondary plant nutrient; however, sulfur is seldom in short supply in 
most soils. 

As with muriate of potash, potassium sulfate can be applied directly to the 
soil, in mixed fertilizers, bulk blended, and in liquid fertilizer formulations. 



Sulfate of Potash-Magnesia CKjSO^- Mgso^) 

Sulfate of potash-magnesia provides three nutrients: potassium, magnesium, 
and sulfur. It supplies 22 percent K^O and 18 percent MgO (magnesium oxide). 
Sulfate of potash-magnesia is used for crop growing situations where all three 
nutrients (potassium, magnesium, and sulfur) are needed. 




FIG. 85. When fertilizer Is oppllod to soil as muriate of potash (KCI). the poilttvely chorged K* Ions are 
released from the exchange sites of the clay and organic nxitter particles. The negatively charged 
chtorine (CI ) tons tend to move out of the plant root zone in water percolating through ttie soil. 
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Potassium Nitrate ckno,) 

Potassium nitrate fertilizer supplies 44 percent K^O and 14 percent nitrogen. It is 
readily soluble and well suited for use in liquid fertilizer solutions. Potassium nitrate 
is used with crops in which chlorine is undesirable, such as tobacco and potatoes. 
However, when used with com and small grain crops, it has no advantage over other 
sources of potassium. 



Potassium Metaptiosptiate (KPop 

Since potassium metaphosphate contains 55 percent P20jand 35 percent K^O, it 
is a high-analysis fertilizer. Production of this product is very limited and used only 
under special situations. 



CALCIUM SOURCES (Ca) 

Calcium is one of the more abundant nutrients in the mineral part of the soil. The 
amount of calcium in a soil depends on the kind of rock from which the soil was 
formed. For example, soils derived from limestone arc often high in calcium content. 
The main source of calcium is calcitic limestone (CaCO^), Other lime materials that 
contain calcium arc dolomitic limestone - MgCOjCaCOj, hydrated lime - Ca(OH)j, 
and burnt lime - CaO. 

Fertilizer materials supplying calcium are ordinary superphosphate (20 percent 
calcium) and calcium nitrate (19 percent calcium). 



MAGNESIUM SOURCES (Mg) 

Magnesium, although abundant in the earth, is usually not found in as large 
amounts in crop-producing soils as calcium is. Since magnesium is more soluble than 
calcium, it is more likely to leach out of the soil. Magnesium is supplied most easily 
to the soil by using dolomitic lime - CaCOjMgCO,. Fertilizer sources of magnesium 
include magnesium ammonium phosphate (10 percent magnesium), magnesium 
.sulfate - cpsom salt (17 percent magnesium), and potassium magnesium sulfate (11 
percent magnesium). 



SULFUR SOURCES (S) 

A sulfur shortage in .soils is usually not a problem for crop growth. In areas where 
coal or gas is burned, sulfur "rom tliis combustion is relumed to the soil through rain. 
Fertilizer materials supply; ig .sulfur are ammonium sulfate (23 percent sulfur), 
ordinary .superphosphate (12 percent sulfur), magnesium sulfate (15 percent sulfur), 
potassium sulfate (17 percent sulfur), and potassiuin magnesium sulfate (22 percent 
sulfur). 
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MICRONUTRIENT SOURCES 

Micronutrients are usually present in most soils at levels suitable for crop 
growth. However, in Ohio deficiencies of boron in alfalfa, of copper in com and 
wheat, and of zinc in com have been found. Magnesium deficiencies are also 
found in soybeans. When such deficiencies occur, it is usually necessary to apply 
compounds that supply the needed nutrients. Table 28 presents sources com- 
monly used to supplement several micronutrients. 

TABLE 28, Micronutrienf sources and percent of nutrient supplied 



P9rc#nf of 

Micronutrienf Source Nutrient Supplied 



Bofon 


Bcrax (sodlunn borofo) 


11-20% 


Copper 


Copper sulfate 


25% 


Copper 


Copper oxide 


75% 


iron 


Iron sulfote 


20% 


Manganese 


Manganese sulfate 


24% 


Manganese 


Manganese oxide 


48% 


Zinc 


Zinc sulfate 


36% 


Molybdonum 


Sodium molytodate 


40% 




■ The following exercises or activities should help you determine the value of 
nutrient sources. They also review the selection of proper nutrient sources for 
specific crop-growing situations or conditions. Where appropriate, check the box 
as the item is completed. 

1. Take a field trip to a livestock farm that uses efficient manure handling 
techniques. Obtain information from the farm owner regarding the following: 

□ Numbers and kinds of livestock 

□ Manure storage mcthod(s) 

□ Manure hauling method(s) 

□ Amounts and kinds of bedding used 

□ Other manure-saving practices 

2, Calculate the nutrients supplied from one ton of livestock manure produced 
on the farm. 
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PractiCQl ApplicQtlon<j,omm^ ^ 

Resources 

• Pencil and notebook 

• References on livestock and manure management 

• Calculator (optional) 

Procedure 

Inventory livestock (numbers and kimis). 

Inventory bedding (kinds and amounts). 

Estimate the amount of manure produced. 

Estimate the amount of nutrients lost by improper manunc handling. 

Calculate the net amount of available nutrients produced from livestock manure. 



Performance Checklist 

□ Calculated amount of manure produced (including bedding) for each kind of 
livestock. 

□ Calculated total nutrients available for the manure produced. Considered nutrient 
losses due to mishandling of manure. 

□ Calculated nutrients available in one ton of manure. 



3. Calculate the nutrients supplied from crop residues for each field of the farm. 



Resources 

Pencil and notebook 

Map of farm giving field nunbers 

• Cropping sequence and acres of each field 

• References on amounts of crop residue supplied by different crops (Include 
material on the amount of nitrogen required to decompose residues with high 
carlx^n content.) 

Calculator (optional) 



Procedure 

• Prepare a table wiili the following information: 

K Crop 

2. Approximate amount of residue produced at harvest 

3. Approximate amounts of nitrogen, phosphorus, and potassium supplied 

• List cropping sequence of each field. 

• List crop yields from each field. 
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Performance Checklist 

□ Calculated the amounts of nitragen, phosphorus, and potassium supplied 
for each crop. 

□ Calculated the total amount and kind of residue supplied from each crop 
yield. 

□ Dctennined the amount of nitrogen fertilizer required to decompose high 
carbon residues (com, stalks, straw). 



4. Select a green manure crop for a field that needs improvement in nutrient and 
organic matter content. 

Resources 

• Pencil and notebook 

• References regarding crops suitable for green manuring 

• Soil test report of the field 

• Soil map showing field slope and erosion 

• Fami map giving cropping sequence 

Procedure 

• Prepare a use table for a green manure crop. Provide the following 
information: 

1. Crop 

2. Approximate amount of grcen material produced 

3. Approximate amounts of nuuients supplied 

4. Planting time 

5. Fertility and pH requirements 



Performance Checklist 

□ Selected green manure crop based on cropping sequence. 

□ Selected green manure crop based on pH and soil fertility. 

□ Selected green manure crop that prevents erosion. 

□ Selected green manure crop that provides winter cover whero needed. 
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5. Select a nutrient source(s) for supplying nitrogen, phosphorus, and potassium 
from commercial fertilizer. 



Resources 

• Pencil and notebook 

• List of available fertilizer materials with chemical content 

• Soil test of each field (cation exchange capacity needed) 

• Soil map showing soil types 

• Outline map of farm showing acres and cropping sequence 
Procedure 

• List the following soil test report results for each field: percent organic 
matter, available phosphorus, exchangeable potassium, and cation exchange 
capacity. 

• List the crop to be grown, 

• List possible limes during the year when fertilizer could be applied, 



Performance Checklist 

□ Selected nutrient sources of nitrogen based on ilic crop to be grown and the 
application time and method. 

□ Selected nutrient sources of phosphorus based on their solubility and the crop 
to be grown. 

□ Selected nutrient sources of potassium based on crop to be grown and 
application lime. 



6. Select the nutrient sources for calcium and magnesium from liming materials. 

Resources 

Pencil and notebook 

• List of available liming materials indicating their chemical contents 

• Soil test of field(s) 

• Cation exchange capacity and percent base saturation needed 
Procedure 

• Calculate calcium-magnesium and magnesium-potassium ratios from soil test 
repon. 

• List liming materials giving calcium and magnesium contents. 



Performance Checklist 

□ Determined nutrient sources from liming materials for calcium and 
magnesium based on the percent base saturation (from soil test) and the 
calcium-magnesium ratio. 

□ Determined nutrient sources for magnesium based on the potassium- 
^ magnesium ratio, 
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KfiY TERMS - 

M Fallowing is list of importam tcnns found in tbi$ cba^tor. pta^ou 



ammonium mtrate 
^ ; lammonium phosphate 

anhydrous 

bactetiods 

basic slag : 

bone meal 

calcitic limes|OQe 

calcium cyanamide 

calcium meiaphosphatei 

calcium iiitiatft 

carbott-nisrogen i^tic?^;;: 
/■••';-catalyst-^'~- 

compatible 

conccntmcd §upciphosphate 

comx/^^1v.;^•:t:••■•••>:S•; 
crop residue 
denitrificition , 
enzyme 

green manure.crop 
gyp$um, : : , 

h«mu$..v:--.<,:'\> . .-v- 

::mgiiesium^ 

:|r,m^Ui:i:? 



-■;|initiate;Ofi^^^^^ 

nitrogeiifiJUU^JijH-Ji 
•-'nodule . ■ y'i:--^^^ 
ordinary phosphoric acid 
,ordinaiy supcrph^s^atc;;;::::|;j^^ 
'0; ^organio matter W!;'lMSSM.f^':' 

^^^jpiujsph 

J:::i,jpci!ipho^^h^^^^P^^^^ 

- ^ ,sulfate of j»t?i^|^m^ 
~ sulfur/ - ~' 
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Fertilizer Selection 



Introduction 



OBJECTIVES 

After studying this unit, you should be able to do the following: 

■ Select the grade or analysis of fertilizer to use. 

■ Make conversions between the amount of phosphorus present in phosphate 
(PjOj) and elemental phosphorus (P). 

■ Make conversions between the amount of potassium present in potash (KjO) 
and elemental potassium (K). 

■ Select the fertilizer ratio to use. 

■ Select the form of fertilizer to use. 

■ Calculate cost comparisons of fenilizer materials. 

SCIENCE CONCEPTS 

This chapter covers the following science concepts: 

■ The percentage of plant nutrients present in elemental form varies from 
fertilizer to fertilizer. 

■ Nutrients can be made available to plants as solids, liquids, or gases. 

■ Fertilizers can be compared by detemiining the value of the plant nutrients they 
contain. 

I2i) 
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Fertilizer materials are sold in both dry and liquid formulations. They can be 
obtained in small amounts (bags) or in bulk quantities (in tanks, trucks, or wagons). 
Ii is important to remember that state and federal laws require the seller of fenilizer 
to guarantee the nutrient content to the buyer. This information is listed on the 
fertilizer bag or attached tag. Most states require that each bulk fertilizer sale, 
regardless of its form, have the following information on the invoice or delivery 
ticket: 

1 . Net weight of the fertilizer 

2. Name and address of the fertilizer manufacturer or distributor 

3. Grade and guaranteed analysis of the fertilizer (see Figure 86) 

Base fertilizer selection, to some extent, on the soil test report. As described in 
Chapter 3, carefully conduct soil sampling and determine yield goals based on 
previous crops grown and the field's soil conditions. Also consider how much you 
are willing to spend for fertilizer materials. 

Most soil test reports give the total ^-aount of each nutrient recommended for 
application. These amounts are determined by the following: 



1. 

2. 
3. 
4. 



Laboratory analysis of the soil sample 
Crop to be grown 
Yield goal 

Previous crops grown on the field, for example: 

• If the previous crop grown was a sod crop containing more than 50 
percent legume plants, less nitrogen fenilizer is needed. 

• If com stalks or straw are plowed under, nitrogen can become temporarily 
unavailable. Thus, the soil test report usually recommends that higher rates 
of nitrogen fertilizer be applied. 




GUARANTEED ANALYSIS 




Total N 


, , , 6% 


Available P2O5 


, 24% 


Total P 


10.56% 




, , 24% 


Total K 


,19,92% 
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Analysis or Grade of Fertilizer Material 



An important consideration when selecting fertilizer is its analysis or grade. 
When referring to liquid or solid fertilizer materials, analysis and grade have the 
same meaning: the percentage of material by weight 

The order in which a fertilizer's major nutrients are listed on the bag is the same 
throughout the United States. The analysis or grade is given as a set of three 
numbers. The first number gives the percent total nitrogen (N); tte second number 
gives the percent available phosphate (P^Oj - phosphorus pentoxide); and the third 
number gives the percent soluble potash (iCjO - potassium oxide). For example, a 
6-24-24 analysis or grade contains 6 percent nitrogen, 24 percent phosphorus 
pentoxide, and 24 percent potassium oxide (see label in Figure 86). 

Since phosphorus pentoxide (P^Oj) is known as phosphoric acid or phosphate, 
and potassium oxide (K^^) is known as potash, the major nutrients arc commonly 
referred to as nitrogen, phosphate, and potash. Consequently, if 200 pounds of a 
6-24-24 fertilizer were applied per acre, it would provide 12 pounds of nitrogen (N), 
48 pounds of phosphate (Ppj), and 48 pounds of potash (K^O). 



Elemental versus Oxide Forms of Fertilizer 



As you may have previously noted, the amount of nitrogen in Figure 86 was 
stated as the equivalent of the elemental form; whereas, the amounts of phosphorus 
and potassium were stated as the equivalents of the oxide form: P^O^ - phosphate 
and KjO potash. Some manufacturers of fertilizer materials state the amounts of 
both the elemental and oxide forms of phosphorus and potassium. Stating these 
amounts in two different ways produces some confusion. To avoid this confusion, 
use the following as a guide: 



Element 
Name 



Element 
Symbol 



Oxide 
Name 



Oxide 
Symbol 
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Phosphoms 



Potassium 



K 



Phosphoms 
pentoxide or 
phosphate 

Potassium 
oxide or 
potash 



t2Z 



K,0 
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At one time, nitrogen was stated as the amount of ammonia (NH,). The law now 
requires the amount of nitrogen be stated as the equivalent of the elemental form. It 
is safe to assume that in the fiiture, phosphorus and potassium will also be stated as 
the equivalent of the elemental form. The elemental form is a more realistic 
representation of the amount of a nutrient in fertilizer. This practice allows all three 
major plant nutrients to be measured on the same scale- However, until this practice 
is required throughout the United States, conversion factors must be used. To 
convert from elemental fonn to oxide form (or the reverse) use the following 
conversion factors: 

1 . One pound of phosphate (P2O5) = 0.44 pounds of phosphorus (P) 
One pound of phosphorus (P) = 2.3 pounds of phosphate (PjOj). 

2. The percentage or amount of P multiplied by 2.3 = the amount of P^O^. 
The percentage or amount of P^O^ multiplied by 0.44 = the amount of P 

3. One pound of potash (K^O) = 0.83 pounds of potassium (K) 
One pound of potassium (K^O) = 1.2 pounds of potash (K^O) 

4. The percentage or amount of K multiplied by 1 .2 = tl^ amount of K^O 
The percentage or amount of K^O multiplied by 0.83 = the amount of K 

The scales in Figure 87 can also be used to convert from one fonm to the other. 
For example, if a fertilizer contains 20 pounds of P^Oj, dctennine the elemental 
amount by using the phosphorus scale (see Figure 87 - scale A). On the right side of 
this scale find the number 20. Directly to the left on this scale is the number 8.8 
This is the elemental amount of phosphorus: 8.8 pounds or 8.8 percent. Use the 
potassium scale in Figure 87 (side B) in the same manner. 
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FIG. 87. Scales used for ccnvortlng from the elemental fofm 
of phosphoais or potassium to tt^e oxide form (or tt>e reverse). 
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Tabic 29 provides clemcntal/oxidc form equivalents for some common fertilizer 
grades. 



TABLE 29. Comparison of some common ferfiiizof grados showing the amounts 
of POj (oxid©) and P (elemental) and amounts of KjO (oxide) and K (element) 



Pftrtllizar Grada 

OXIDE BASIS 


F«rtillz«r Grad* 

ELEMENTAL BASiS 


N 


PA 




N 


P 


K 


6 


24 


24 


6 


10.66 


19.92 


16 


16 


16 


16 


7.04 


13.28 


20 


10 


10 


20 


4,40 


8.30 


0 


20 


20 


0 


8.80 


16.60 


8 


32 


16 


8 


14.08 


13.28 


0 


23 


30 


0 


10.56 


24.90 



Fertilizer Carriers 



One hundred pounds of 6-24-24 fertilizer contains 54 pounds of nitrogen, 
phosphorus, and potassium compounds that are available to plants (6 -f 24 4- 24 = 54 
pounds). Carrier material makes up the remaining 46 pounds. This material is 
needed because the elements nitrogen, phosphorus, and potassium alone are not 
available to plants. They must combirc with other elements to become plant 
nutrient sources. For example, if 6 pounds of nitrogen are from ammonium nitrate, 
ihcn 33.5 percent of the material contains elemental nitrogen. The remainder of the 
material is oxygen from nitrates (NO^) and hydrogen from ammonium (NH^). If the 
phosphate (P2O5) source is ordinary superphosphate, it contains 20 percent 
phosphorus oxide or 8.8 percent elemental phosphorus. Since the chemical formula 
for ordinary superphosphate is CaH^ the carrier materials for phosphorus are 

calcium, hydrogen, and oxygen. With potassium, if the potassium-supplying 
material is muriate of potash (KQ), the carrier material is chlorine (CI). 




Most mixed fertilizers have an added filler. This filler balances the analysis or 
grade and can consist of several materials, such as lime sand or tobacco dust. 
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Fertilizer Ratios 



The fertilizer ratio is the proportion of the three major nutrients present in 
fertilizer. A fertilizer grade or analysis of 6-24-24 states that the material contains 6 
percent nitrogen, 24 percent available phosphate and 24 percent water-soluble 
potash. It also states that for each part of nitrogen, there are four parts each of 
phosphate and potash. To determine the ratio of a fertilizer grade, divide each of the 
numbers of the fertilizer grade by the smallest number of the grade. For example, in 
a 6-24-24 grade, 24 is divided by 6; thus giving the ratio 1:4:4. 

As shown in Table 30, different grades can have the same ratio. For example, 
the grades 5-20-20 and 6-24-24 both have the same ratio: 1:4:4. E>etermining the 
fertilizer ratio is important when making cost comparisons. (Cost comparisons arc 
discussed in more detail later in this chapter.) 



TABLE 30. Fertilizer grades and their rotlos 





Fartlllzar Grad* 






Ratio 




N 


PA 




N 


PA 




6 


24 


24 


1 


4 


4 


5 


20 


20 


1 


4 


4 


0 


20 


20 


0 


1 


1 


10 


20 


30 


1 


2 


3 


12 


12 


12 


1 


1 


1 


8 


32 


16 


1 


4 


2 



Fertilizer Forms 



Fertilizers are available in three forms: solid, liquid, or gas. All three forms 
supply the needed plant food nutrients. Make cost comparisons when deciding 
which type of fertilizer to use. 



LIQUID FERTILIZERS 

Liquid fertilizers can contain only nitrogen or combinations of nitrogen, 
phosphate, and potassium. When applied in the same amounts (pounds of nutrients), 
liquid fertilizers have the same effect on plant growth as solid (dry) fertilizers. 
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Broadcasting (scattering over a broad area) does not require special equipment 
and is a common method of applying liquid mixed fertilizers. However, special 
equipment is needed if the crop producer wants to apply liquid fertilizer in the rows 
at planting time. Most companies supplying liquid mixed fertilizers also have 
equipment available for broadcasting. 



Two types of liquid nitrogen fertilizers are typically available. These are 
pressurized solutions and nonpressurized solutions of aqua ammonia and 
nitrogen. Tlicy contain 21 to 49 percent nitrogen. 



• Nonpressurized solutions are usually made from urea and ammonium nitrate 
(UAN) and contain 28 to 32 percent nitrogen. These solutions arc typically 
broadcast onto the soil (sec Figure 88). 

• y^rmwr/rerJliquid nitrogen solutions arc knifed or injected into the soil at a depth 
of one to two inches. They can be applied before planting or sidedrcssed after the 
crop has been planted (see Figure 89). The nitrogen source in an ammonium 
nitrate solution is ammonia, also known as f^ee ammonia. In other words, it can 
be easily lost from the solution unless injected into the soil where it is held by 
the soirs negative charges. 




FIG. 88. Apf^k^o nonpfossurtzed Ikquld f^lzef to tho loi surface. (CoiJffMy /W W#o form £<iu*yT>#Jif Company) 
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FIG. 69. Applying liquid fertilizer under pressure; mofofloi is knifed Into the sdl. (Cou/f^sy W#o Farm BquipmAnt Company) 



DRY FERTILIZERS 

Much of the fertilizer used by crop growers is in dry form. Many varieties of dry 
fertilizer grades are available lo ihe crop producer. Single analysis or straight 
(containing only one nutrient) fcnilizers for nitrogen, phosphorus, and potassium 
arc usually available. Examples arc 45-0-0, which is urea and supplies nitrogen; 
0-47-0, which is superphosphate and contains only phosphate; and 0-0-60, which is 
muriate of potash and contains only potassium. 

Many of tlic dry fertilizers arc pelleted. These fcnilizers produce less dust when 
handled and are less likely to cake when exposed to moisture. They arc free-flowing 
and promote uniform application. Figures 90 and 91 show common types of dry 
fertilizer spreaders. 



GASEOUS FERTILIZERS 

Anliydrous ammonia, a gaseous fertilizer, is an important source of nitrogen for 
Icrtilizing crop fields (sec Figures 92 and 93). When compressed under high 
pressure anhydrous ammonia becomes liquid and is stored in tanks. As this liquid is 
applied 10 a field, it reverts to a gas. Consequently, anhydrous ammonia must be 
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FIG. 90. This air %pr&Q6er is used to appfy 
dry bulk fortlfizer befcxe plowirvg. (Ccun^sy 
CounhyjTKxK tnc, D»/ty Form C^nP^S^, CMity, 
Ohio) 




FIG. 91 . This fan spreader Is u$od to appfy 
dry bulk fertfrtzer before plowing. (County 
j0rrQ intmrnationai Inc., Coyinfffory. Ohio} 

C 
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FIG Q3 ArVivdrous ammonlo Is krtfed into the sol) at a dopth of six ln<±tos to pfovent 
the oas from escaplno Into ttio atmosphere, (CoiMfsy C»iohomo M^ntior, S«vte«> 



applied below the soil surface so it docs not escape into the atmosphcrc. As shown 
in Figure 94, soil conditions and application methods must be exact to get the most 
benefits from the ammonia. 

Use the following guidelines when applying anhydrous ammonia: 

1 Apply anhydrous ammonia at a depth of six inches under ideal soil conditions. 
The ammonia will spread about four inches in the soil and then change to 
ammonium in a short time. 

^ )ply anhydrous ammonia in the recommended amounts. If more ammonia is 
^ applied than can be held by the soil, some gas will escape into the atmosphere. 

3. Do not apply anhydrous ammonia at a depth of four inches or less. The gas may 
be too close to the soil surface and escape into the atmosphere. 

4 Do not apply anhydrous ammonia to soil that is too wet. The knife opening may 
' not close and gas will escape into the atmosphere. Also, wet soil prevents the gas 
from spreading into the surrounding soil. 

5. Do not apply anhydrous ammonia to soil that is too dry. The gas may spread too 
far and escape ir.io tiie atmosphere. 

1 0(l 




FIG. 94. Anhydrous ammonia qos may escape into tho atmosphere if applteatkjn condltksns are not suitoWe. Sou moisture and application 
amount and depm all contribute to nitrogen loss. 



Cost Comparisons of Fertilizer Materials 

Com producers sometimes pay too much for fertilizer materials. Often this 
happens because they do not calculate the cost per pound of plant nutrient. When 
fertilizer shortages and price increases occur, it is important that you understand 
how to figure the value of different types of fertilizer. 

When comparing fertilizer prices, the most important pieces of information on a 
fertilizer label or delivery ticket are the net weight and the guaranteed analysis. 
Use cost per pound of plant nutrient ratlier than the cost per pound of fertilizer 
material. With fertilizers, one pound of a nutrient listed on the label is equal to one 
pound of the same nutrient listed on the label of another material. This is the case 
whether the material is in dry or liquid form. 



COMPARING FERTILIZER COSTS 

Due to transportation costs and shortages of labor and raw materials, fertilizer 
prices change considerably over short periods of time. For this reason, use current 
local costs when calculating fertilizer costs. The costs used in the following 
examples are used only to illustrate this procedure. 

Calculating Nufrient Costs of Straight Fertilizers 

As stated previously, straight fertilizers contain only one nutrient. For example, 
urea containing 45 percent nitrogen, concentrated superphosphate containing 46 
percent P^Oj, and muriate of potash containing 60 percent K^O are straight 
fertilizers. 
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To calculate the cost of a pound of nutrient in a straight material, use the 
following fomula: 

Price per ton ^ ^^^^ ^^^^ nutrient 

% of nutrient x 2,000 (pounds pex ton) 

If urea containing 45 percent nitrogen sells for $240.00 a ton. the cost per pound 
of nutrient is calculated as follows: 

$240.00 $240.00 . 

= $0,267 per pound 



0.45 X 2,000 900 

The same procedure is used for calculating the costs of using phosphorus 
pentoxide and potassium oxide - nutrient sources of phosphate and potash, 
respectively. For example, concentrated superphosphate containing 46 percent 
phosphorus pentoxide (P^Oj) costs $140.00 per ton. The cost calculations follow: 

.$J10.pO_ ^ 1140^_ = $0,152 per pound 
0.46x2,000 920 

Likewise, the same procedure is used for calculating the cost of using muriate of 
potash containing 60 percent potassium oxide (K^O) and costing $90.00 a ton. 

. $90,00_. ^ _ $_90^ ^ $0,075 per pound 

0 60x2,000 1,200 



Comparing Costs of Mixed Fertilizers witti Similar Ratios 

Mixed fertilizers with similar ratios contain the same ratios of nitrogen (N), 
phosphorus pentoxide (PjOj), and potassium oxide (KjO). Examples of these are 
6-24-24 and 5-20-20. Their ratios are exactly the same - 1:4:4. The 6-24-24 
fertilizer contains 54 percent nutrients (6 + 24 + 24) and costs $172.00 per ton. The 
5-20-20 fertilizer contains 45 percent nutrients (5 -f- 20 + 20) and costs $144.00 per 
ton. 

To calculate the cost per pound of material and nutrient in mixed fertilizers with 
similar ratios, use the following formulas: 

Cost per ton ^ Cost per pound of material 

2,000 (pounds per ton) 

Cost per pound of material ^ , j * * • * 

^ — ^ = Cost per pound of nutrient 

% of nutrients 
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For example, calculate the cost per pound of nutrient for 6-24-24. 

STEP 1 / 

$172.00 ^ „ $0,086 cost per pound of material 
2.000 



STEP 2 



0.P86_ ^ $0. 1 59 per pound of nutrient 
0.54 



Now calculate the cost per pound of nutrient for 5-20-20. 
STEP I 

. _ ^Q Qj2 per pound of material 

2.000 



^•^^^ = $0.16 per pound of nutrient 



0.45 

The 6-24-24 fertilizer supplies nutrients at $0,001 per pound less than the 5-20- 
20 fertilizer. 



Calculating Liquid Feifiilzer Costs 

Liquid fertilizers are sold as straight fertilizers. They contain only one nutrient, 
such as nitrogen. Usually liquid fertilizers arc sold by the ton and cost comparisons 
can be made with dry fertilizers. Following is an example of such a cost 
comparison: 

A liquid fertilizer containing 28 percent nitrogen sells for $152.00 per ton. 
A dry fertilizer - urea containing 45 percent nitrogen - is selling for 
$240.00 per ton. Using the formula presented in Calculating Nutrient 
Costs in Straight Fertilizers, the cost per pound of nutrient for each 
fertilizer can be calculated. 

1 . Liquid fertilizer - 28 percent nitrogen 

$■152^ ^ _il52-.00 ^ $0,271 per pound of nitrogen 
0.28 X 2.000 560 



2. Dry fcrtilizxr (urea) - 45 percent nitrogen 



$240.00 



0.45 X 2,000 900 



= S240.000 _ $0.2667 per pound of nitrogen 
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As the calculations on page 125 show, the liquid and dry fertilizer costs are 
almost the same; however, the dry fertilizer has a slight advantage in cost per pound 
of nitrogen. If the nutrient costs of liquid and dry fertilizers are almost equal, 
consider the cost of delivery and application before choosing your fertilizer. 



Liquid Ferfilizers Sold by ttie Gallon 

A few liquid fertilizer distributors sell their products by the gallon. Unless the 
crop producer can relate analysis, weight, and price, he or she is at a disadvantage 
when making cost comparisons. 

To compare the costs of liquid fertilizers sold by the gallon with costs of other 
fertilizers, the weight per gallon of the liquid must be known. Usually, liquid 
fertilizers weigh 10, 1 1, or 12 pounds per gallon. Therefore, in the following 
example we will use a weight of 1 1 pounds per gallon for liquid fertilizer and the 
plant nutrient costs calculated on page 123: N - $0,267 per pound, P^O, - $0,152 per 
pound, and K^O - $0,075 per pound. Using this information, calculate the cost per 
gallon of a 10-20-10 liquid fertilizer. 

0.10(10%) X 11 (pounds/gallon) x $0.0267 = $0.29 
0.20(20%) X 11 (pounds/gaUon) x $0,152 = $0.33 
0.10(10%) X 11 (pounds/gallon) x $0,075 = $0.08 

$0.70 
per gallon 



Next, calculate the number of gallons per ton of this liquid fertilizer. 

2.000 pounds/ton ^ 182 gallonsAon 
1 1 pounds/gallon 



Now wc can calculate the cost of nutrients per ton. 

182 X $0.70 (co.st/galIon) = $127.40 (actual cost of nutrients per ton) 

A liquid fertilizer (such as 10-20-20) usually costs $3.00 to $5.00 per gallon. Thus, 
at $3.00 per gallon, the selling price of ihc liquid would be calculated as follows: 

182 (gallons/ton) x $3.00 (cost/gallon) = $546.00 cost/ton 

Obviou.sly, a dry bulk fertilizer .selling for $152.00 per ton is at least three limes 
more economical than this liquid fertilizer selling for $3,00 per gallon. 
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Note: Siatcmcnls regarding the effectiveness of liquid fertilizer are not always true. 
For example, some people claim that it takes only a few gallons of liquid fertilizer 
to produce high-yield crops. A common recommendation is five gallons per acre of 
10-20-10. Note this would cost $15.00 per acre and supply only 5.5 pounds of 
nitrogen, 1 1 pounds of Pp^ and 5.5 pounds of Kp per acre! A liquid fertilizer 
costing this much and supplying these small amounts of nutrients would not be 
economical for a crop producer. | ^ , ^ 

4- 4/ 
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Summary 

Use the following methods to compare the costs of using different fertilizer 
materials: 

1. Compare costs of two or more materials supplying the same nutrient (e.g., 
nitrogen carriers, urea, and ammonium nitrate). 

2. Compare costs of mixed fertilizers having identical ratios (e.g., 5-20-20 and 
6-24-24). 

3. Compare costs of different fertilizer forms (e.g., liquid, dry, or gas) supplying a 
single nutrient or of mixed materials having identical ratios. 




The following student exercises will l^lp you use cost comparisons to select 
fertilizer materials. Check the box after completing each item. 

1 . Compare costs of fertilizer materials containing one nutrient (straight 
fertilizers). 

Resources 

• Pencil and notebook 

• Current local costs of straight fertilizer materials 

• References giving cost calculation procedures and suggested straight 
fertilizer application times and methods. 

• Calculator (optional) 

Procedure 

□ List each straight fertilizer material with the nutrient percentage in 
elemental form. (Use conversion procedures to change P^Oj and K^O to 
elemental P and K, respectively.) 

□ List the cost per pound of each nutrient 

□ List the delivery and application costs. 

□ Record information on the form on page 128. 
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Costs of Using Straight Fertilizer Materials 
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Compare costs of fcrtili/cr materials containing more than one nutrient and with 
identical ratios. 

Resources 

• Current local costs of mixed fertilizers 

• References giving calculation procedures for comparing costs of mixed 
fenili/crs with identical ratios 

• Pencil and notebook 
" Calculator (optional) 

Procedure 

□ Select mixed fertili/xr grades wiili identical ratios, 

□ List the cost of each material. 

□ If purchased in bulk, list Uie delivery and application costs. 

□ Record infonnalion on the form on page 129. 
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Costs of Using Similar-ratio Fertilizers 
Containing More Than One Nutrient 
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Fertilizer Application 



Introduction 



Crop producers apply commercial fertilizers to supply crops with necessary 
nutrients in the correct amounts and at the proper times during the growing season. 
The fcnilizer application method depends on several factors and varies fix3ra fann to 
farm, and even from field to field. 

Chapter 5 discussed selecting commercial fertilizers according to grade, ratio, 
form, and cost. After selecting your fertilizers, you must also select the application 
methods. 



OBJECTIVES 

After studying this unit, you should be able to do the following: 

■ Determine whether to use immediate buildup (one application) or gradual 
buildup (several applications) of commercial fertilizers to correct soil 
deficiencies of phosphorus and potassium. 

■ Select the time of year to apply bulk applications of commercial fertilizers based 
on the type of fertilizer and the crop to be grown, 

■ Select a commercial fcrtilir**- application method based on fertilizer amount, 
form, grade, ratio, and the cioi to be grown. 
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SCIENCE CONCEPTS 

This chapter covers the following science concepts: 

■ Phosphorus and potassium concentrations accumulate in the soil; nitrogen 
concentrations do not. 

■ Phosphate applications proportionately raise the level of phosphorus available to 
plants, 

■ The amount of potassium available for plant growth depends on the soil's cation 
exchange capacity. 

■ Fertilizer placement affects a nutrient's availability to plants. 




Nitrogen Fertilizer Application 



Since nitrogen is retained in the soil in only small amounts from year to year, 
annual nitrogen applications arc usuaUy necessary. The amount of nitrogen to apply 
is determined by the previous crop grown and the crop to be grown. For example, it 
soybeans arc grown in a field one year, and the following crop is also soybeans, 
additional nitrogen may not be needed. However, if the next crop is com instead of 
soybeans, 160 pounds of nitrogen per acre may be needed to produce 130 bushels 
per acre. The Cooperative Extension Service and state soil testing laboratoncs can 
provide crop producers with fertilization recommendations. 

Although recommendations provide a basis for selecting nitrogen fertilizers, also 
consider the following items prior to application: 

1 . Kind of fertilizer to apply 

2. Time of application 

3. Method of application 

4. Amount of nutrients supplied by animal manure 

In many crop-growing situations, large amounts of nitrogen fertilizer arc 
required (see Table 31). Obviously, supplying the requircd amount of nitrogen may 
mean selecting more than one kind of nitrogen fertilizer. It may also mean 
fertilizing more than once and using more than one applicaUon method. 

The information presented in this chapter and chapters 4 and 5 will help you 
make accurate fertilizer application decisions. 
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TABLE 31 . Examples of njtroQGn recommendQcl for corn and grain sorflhum 



Pravlous 
Crop 



Forag9 Legumes 
Grass crop 
Soybeans 

Continuous corn and 
other crops 



YIELD GOALS 



C(mt (bcBhait/acre) 


SO 


120 


160 


Grain Sorghum (cwt./aaa) 


SO 


75 


100 






Annual Application 






Pound* N/A 






20 


60 


100 




20 


65 


150 




20 


65 


170 




40 


115 


200 



Soil Buildup and Maintenance 
of Phosphorus and Potassium 



Unhke nitrogen, phosphorus and potassium can be stored in the soil in large 
amounts. (If necessary, review the sections in Chapter 4 concerning phosphoms and 
potassium.) SoU tests are used \o detennine if phosphoms and potassium are present 
in levels sufficient to produce high crop yields. If insufficient levels of phosphoms 
and potassium arc present, there are two application methods that provide adequate 
amounts of these nutrients. Either of the following methods is satisfactory if the 
recommended amounts are applied: 

1. Immediate soil buildup 

2. Gradual soil buildup 



IMMEDIATE BUILDUP 

Immediate, quick, or annual buildup all mean applying enough fertilizer in 
one year to raise the soil nutrient content to adequate levels. Advantages of the 
immediate buildup method follow; 

1. Lower purchasing costs - Bulk purchasing of large amounts of fertilizer can 
cost less than purchasing several small amounts. 

2. Lower application costs ~ The one or two required yearly fertilizer applica- 
tions cost less than several applications. 



GRADUAL BUILDUP 

Gradual buildup of fertilizer brings the soil nutrient content of phosphoms and 
potassium to a sufficient level over a longer time period - usually ^ve or more 
years. A crop producer using this method has the advantage of extending the 
fcnilizcr costs over several years. 



SOIL PHOSPHORUS BUILDUP 

As discussed in Chapter 3. crop response to available phosphonis varies 
depending on the crop. Therefore, the following available phosphorus levels are 
needed; 

1 . Com and soybeans require 30 pounds per acre of available phosphonis in 
the soil for maximum yields. 

2. Wheat, oats, and forage legumes require 60 pounds per acre of available 
phosphorus in the soil for maximum yields. 

If a soil test report shows the available soil phosphoms is b^low the required 
amount for the crop to the grown, phosphorus fertilizer must be applied. About 100 
pounds of phosphate (P,0,) are needed to raise the level of available phosphoms 10 
pounds per acre. Therefore, if the soil test shows the available phosphorus is 10, 
then 200 pounds of phosphate are needed to raise the phosphoms level to 30 pounds 
of available phosphoms per acre for com and soybean production. However if 
wheat, oats, or forage legumes arc to be grown and the soil test report shows the 
available phosphoms is 10. then 500 pounds of phosphate arc needed to provide 60 
pounds per acre of available phosphoms in the soil. Table 32 gives the approximate 
founts of phosphoms fertilizer needed to raise a soil test result to a level sufficient 
to grow different crops. 

Consider the foUowing when planning phosphoms fertilizer applications: 

1 . Phosphoms fertilizer is most available to crops when the soil pH is 6.5. 

2. Phosphoms fertilizer is lost from the soil through erosion. 

3 The amoum of phosphoms fertilizer needed in one year is detennined by 
the crop grown and whether an immediate or gradual plan of soil buildup 
will be used. 



TABLE 32 Approxlmat© amounts of phosphate (Ppp 
needed to raise the soil test result to a sufficient level* 



5 250 
15 

25 50 



30 



0 



Wheat - Oats - 

Soil Test Value Corn and Soybeans Forage Lesumes 

VolrlZe^ CP-nd. P A P-^ Aero) (Pounds PA P-^ Aero) 



550 
450 
350 
300 



'Souce. Ohio Aoionomy Guido 



SOIL POTASSIUM BUILDUP 



The amount of potassium required for optimum plant growth depends upon the 
soil's ability to hold the nutrient in an available form. Unlike phosphorus, potassium 
can leach from the soil. The desired soil potassium level (exchangeable) is 
determined by the soil's cation exchange capacity. Therefore, the higher the cation 
exchange capacity, the more potassium (as exchangeable K) the soil will hold. 

As discussed in Chapter 3, the equation to determine the amount of K a soil will 
hold is 220 + (5 x the cation exchange capacity of a soil). Table 33 gives the 
amount of exchangeable K that can be held by soils with different cation exchange 
capacities. 

It takes 100 pounds of potash (K^O) to raise the potassium (K) soil test level 50 
pounds per acre. Thus, if the soil test report shows 190 pounds of exchangeable 
potassium (K), it will take 120 pounds of potash (K^O) to raise the soil test level to 
250 pounds per acre of exchangeable potassium (K). 

Cooperative Extension Service publications, such as the Ohio Agronomy Guide, 
provide information about the amounts of potassium required for various field crops 
at different yields and soil cation exchange capacities. Table 34 on page 136 
provides this infonnation for com. 

When planning potassium fertilizer applications, consider the following: 

1. Large, one-time potassium fertilizer applications can put the magnesium- 
potassium ratio out of balance. (Refer to Chapter 3.) 

2. The amount of potassium buildup in the soil is determined by the soil's 
cation exchange capacity. 

3. If more potassium fertilizer is applied than the soil can hold, potassium 
leaches from the soil and is lost for crop use. 

4. The amount of potassium to apply is also determined by the crop to be 
grown and the buildup plan (immediate or gradual). 



TABLE 33. The amount of exchangeable K held by 
soils with cJffefont cation exchange copadties 



Cation Exchange 
CapKaclty of Soil 


Calculation 


Amount of K the Soli Will Hold 

(pouncfs/ocro) 


6 


220 + (5 X 5) = 


245 


10 


220 + (5 X 10) = 


270 


15 


220 + (5 X 15) = 


295 


20 


220 + C5 X 20) « 


320 


25 


220 + (5 X 25) = 


345 


30 


220 + (5 X 30) = 


370 



1 36 COKmnClAL FEmtLI2inAPPLtCA7ia^ MnHOOS 



TABLE 34, Examples of potassium rGcommendatjons for corn (pouncfe K,0 par ocre) 



Soil Tost 










YIELD GOALS (i>uih*li/acft) 








Vatu* 




C.E.C.* 








C.E.C.* 






C.E.C* 




Pounds 






















K/A 


10 


20 


30 




10 


20 


30 


10 


20 


30 










Annual Rcconivmndation 










50 


110 


130 


160 




120 


140 


160 


130 


150 


170 


150 


70 


90 


110 




80 


100 


120 


90 


110 


130 


250 


30 


50 


70 




40 


60 


ou 


50 


70 


90 


350 


20 


20 


30 




30 


30 




45 


45 


50 


450 


20 


20 


20 




20 


20 


30 


20 


35 


46 


550 


20 


20 


20 




20 


20 


20 


20 


20 


20 










Buildup Rocontvnsndation' 










60 


440 


540 


640 




440 


640 


640 


440 


540 


640 


150 


240 


340 


440 




240 


340 


440 


240 


340 


440 


250 


40 


140 


240 




40 


140 


240 


50 


140 


240 


350 and above • 


same as annual recommendation 













' Cation exchange capacify 

" 40 pounds K in row is minimum roconvrjondotion on dark clay soils. 

First-year buildup recommendation supplies sufficient nutHent for crop. Second- and tt>lfd-y0af reconvr«ndatlorvs aro 
l^osod on recoiculated soil tost values. 



Commercial Fertilizer Application Methods 



More than one commercial fertilizer application method may be required to 
deliver the kinds and amounts of fertilizers needed to produce the highest crop 
yields. Several application metliods arc available, for example: 

]. Broadcasting 

2r Soil injection 

3. Row placement 

4. Top-dressing 

5. Side-dressing 

6. Foliar spraying 
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BROADCASTING 

The broadcast method is generally used when large amounts of fertilizer are to 
be applied at one time. This is also called bulk application. Broadcast applications 
arc made by spreading either liquid or dry materials over the entire surface of the 
area being fertilized. This is typically accomplished by using low pressure spray 
rigs for liquid fertilizers, and air or fan spreaders for dry materials. (Both of these 
application methods arc shown in Chapter 5, Figures 88, 89, 90, and 91.) 

Nutrients supplied by broadcasting include nitrogen, phosphorus, and potassium. 
Nitrogen is usually broadcast to supply the large amounts required for high com 
yields. Phosphorus and potassium fertilizers are broadcast to supply the large 
amounts required for their immediate buildup in the soil. 

Most broadcast applications are followed by plowing or other procedures to 
work the fertilizer into the soil. This is important for some forms of fertilizer 
because they can be lost before being used by the crop. (Refer to Chapter 5 - 
Fertilizer Selection.) 



SOIL INJECTION 

Two forms of nitrogen fertilizer arc commonly applied by soil injection: 

1 . Anhydrous ammonia 

2. Nitrogen liquid solution under pressure 

Descriptions of these nitrogen fertilizer forms and their application methods are 
provided in Qiapter 5 - Fertilizer Selection. 



ROW PLACEMENT 

Many mixed fertilizers arc applied at planting time to guarantee the crop a good 
Stan. Therefore, fertilizer applied at this time is called starter fertilizer. 

Often, staner fertilizers are placed in or near each seed row during the planting 
process. This practice is called row placement. Its value depends on several factors 
including the following: 

1, Crop to be grown 

2. Location of the fertilizer in relation to the seed 



3. Amount and grade of fertilizer used 
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Row Placement for Different Crops 

Crops in the grass family (eg, com, wheat, and oats) have difficulty taking up 
phosphorus during their early growth. Consequently, row placement fertilizers are 
important to get these crops off to a good start. Other crops using row placement are 
soybeans and meadow crops (e.g., seeded alfalfa). 

The method of row placement varies depending on the crop growth. 



Fertilizer Location in Relation to ttie Seed 

Fertilizer placed in the rows is usually applied in small bands. Depending on the 
plant growth stage, the fertilizer occupies between 1/100 and 1/1,000 of the total 
root volume. Obviously, such a small volume of fertilizer must be placed where it 
provides the most benefits for the roots. Since roots do not grow toward fertilizer, 
fertilizer is placed where the n>ois will contact it. 

A com plant's primary root grows almost straight down. Just a few days after 
primary root growth begins, a series of secoftdary roots appear along the primary 
root. These roots grow outward and downward. Since nutrient uptake occurs 
primarily in the secondary roots, place the fertilizer down and to the side of the 
seed instead of below it (see Figure 95). This method, called side banding, places 
tlie fertilizer in the path of the secondary roots. For example, in com and soybean 
seedings, place the fertilizer about two inches to the side and two inches below the 
level of the seed. In a legume seeding, place the fertilizer in a band about one to two 
inches below the seed (see Figure 96). 
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Since most nitrogen and potassium sources in commercial fertili2ers are salts, do 
not place fertilizer too close to seeds or seedlings (see Figure 97). These salts absorb 
soil moisture and dry out seeds or seedlings. This causes poor germination or 
seedling death. Also, when the fertilizer is placed in this position, the secondary 
roots caimot intercept it. 

The crop to be grown and the amount and grade of fertilizer used determine the 
fertilizer placement in relation to the seed. Following arc guidelines for fertilizer 
placement: 

1. To avoid corn seedling injury: If row placement is two inches to the side and 
two inches below the seed, limit a nitrogen and potassium combination to 100 
pounds per acre. 

2. To avoid soybean seedling injury: If row placement is two inches to the side and 
two inches below the seed, limit a nitrogen and potassium combination to 70 
pounds per acre. 



TOP-DRESSING 

As the term suggests, top-dressing is applying fertilizer to the field surface 
where a crop is growing. Although top-dressing is used mainly to fertilize meadows 
and pastures, it is also used on winter annual crops such as wheat. The same 
methods used to broadcast fertilizers prior to planting are used to apply top-dress 
fertilizer. Top-dress fertilizer is seldom, if ever, plowed under or worked into the 
soil. 

The effectiveness of top-dressing depends on soil conditions and the crop being 
grown. For example, fertilizers applied on frozen ground can be washed away if a 
heavy rain occurs before the ground thaws. 
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SIDE-DRESSING 

Side*dressing is the application of additional fertilizer to the sides of the rows 
after the crop has emerged. It usually supplies nitrogen and is used mainly on com 
crops when the plants arc six to twelve inches tall. Most side-dressing places the 
nitrogen fertilizer in bands between com rows. Depending on the nitrogen source, 
fertilizer is inserted in the soil to a depth of three to six inches. Caution: Deep side- 
drcssing too close to the com plants can damage the roots and reduce yields. 

Some crop producers choose side-dressing rather than broadcasting and plowing 
under because they can apply nitrogen according to the plant population. For 
example, if the plant population is low, the amount of extra nutrients can be 
reduced. 



FOLIAR SPRAYING 

Foliar spraying is the application of nutrients in solution form to crop plant 
leaves. This fertilizer application method has limited use because it usually requires 
special equipment such as a helicopter, airplane, or hi-boy. The major limitations of 
this method arc 

1 . High application costs 

2. The amounts of nitrogen, phosphorus, and potassium absorbed through the 
leaves' stomaia arc too small to meet plant needs. 

For tlicsc reasons, foliar spraying is used mainly to apply micronutricnts, such as 
zinc or manganese. However, this is done only when a micronutrient deficiency is 
observed in the growing plants. Otherwise, the micronutrient is included in the row 
placement fertilizer. The Cooperative Extension Service can provide details 
regarding micronutrient application^ 



Sel ecting Fertilizer Application Methods 

As previously stated, the method of applying commercial fertilizer depends on 
several factors. Consider the following when selecting an application method: 

1 . Amount of fertilizer to he applied 

• In rc)w placement, ilic amount of nitrogen and potassium fertilizer salts (total 
for both) that can be safely applied must be calculated. 

• Large amounts of a fertilizer may require more than one application metliod, 

2. Fertilizer form .selected - Losses can occur by improper application of some 
fertilizer forms. 

3. Crop to be grown - Different crops respond differently to the amount of 
fertilizer applied and the application metliod. 
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The following exercise should help you select suitable commercial fertilizer 
application methods. When making your selections, refer to the information 
presented in Chapters 4 and 5 concerning nutrient sources and fertilizer selection. 

Resources 

• Pencil and notebook 

• Ohio Agronomy Guide or similar reference containing fertility information 
(Contact Cooperative Extension Service) 

• Soil test results from a field(s) 

• Practical application information from Chapters 4 and 5 of this manual 
Procedure 

□ Reproduce the following form in your notebook. Complete a separate form for 
each field having a soil test report. 



Crop to be grown Yield goal 

Previous crop Tons of manure applied 

For each ion of properly handled ma :ure with bedding, allow 5 pounds of N, 2 pounds of P, and 5 pounds of K. 





AMOUNT IN POUNDS 


Nitrogen (N) 


Phosphate (P^O^ 


Potash (K,0) 


Total amount needed (soil test report) 








Supplying the needed nutrients from manure 
(optional) - amount of each nutrient 








Row placement: 

Ratio Grade 

Total pounds per acre 

Amount of each nutrient supplied 








Supplying remaining needs by broadcasting, soil 
injection, side-dressing, or top-dressing 








Form of material 
% nulients 

APDlication method(s) 

Application timefs) 

Amount of each nutrient supplied 








Total amount supplied by manure, row placement, 
other methods (Should equal or nearly equal 
amount needed,) 
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Chapter 7 



Lime Selection 
and Application 




Introduction 

Previous chapters discussed the importance of proper fertilizer selection and 
application. However, before these fertilizers arc applied, a liming program must 
be in operation. Liming corrects soil acidity - a serious crop production limitation. 
If the soil is too acid, the crop cannot efficiently use the applied fertilizer. 
Therefore, the proper use of both lime and fertilizer is necessary for high crop 
yields. 



OBJECTIVES 

After stud>ing this unit, you should be able to do the following: 

■ Describe the importance of an adequa te liming program for crop production, 

■ Describe how lime is lost from the soil. 

■ Select liming material based upon fineness, calcium-magnesium content, and 
comparative costs of materials. 

■ Select liming material application methods and times. 



SCIENCE CONCEPTS 

The following science concepts are covered in this chapter: 

■ Soil acidity is determined by the number of hydrogen and aluminum ions 
occupying sites on the clay and organic matter particles. 

■ Calcium and magnesium ions provided by liming materials can displace 
hydrogen and aluminum ions in the soil and raise soil pH. 

erIc m 
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■ The amount of bacteria present in soil is influence by soil pH. 

■ Cations provided by liming materials can reduce toxic concentrations 
of elements such as iron, aluminum, or manganese. 

■ Lime alters the availability of plant nutrients. 

■ The rate at which liming materials react with the soil is proportional to the 
amount of surface area exposed on the liming material. 

■ Different liming materials have different degrees of acid-neutralizing capability. 

■ The relative values of acid-neutralizing compounds can be determined 
mathematically. 



Importance of Correcting Soil Acidity 



Interpreting Soil Test Reports in Chapter 3 discussed the importance of 
correcting soil acidity. The discussion is continued in this chapter because 
correcting soil acidity is an essential practice for obtaining maximum crop yields. 



LIMING NEUTRALIZES ACID SOILS 

Lime contains calcium and magnesium. If present in the soil in adequate 
amounts, these two nutrients occupy most of the exchange sites of the soil's clay 
and organic matter particles (see Chapter 2). In yn acid soil these exchange sites are 
occupied by hydrogen (H*) and aluminum (Al^) ions. These ions combine with 
other ions in the soil to fomi acid compounds. Thus, when lime is applied, the ions 
of calcium (Ca^) and magnesium (Mg**) replace the acid-causing ions. 



LIMING SUPPLIES CALCIUM AND MAGNESIUM 

Calcium and magnesium are classified as secondary plant nutrients. In other 
words, most crops use more of the primary nutrients (nitrogen, phosphorus, and 
potassium) than they use of calcium and magnesium. However, if calcium and 
magnesium are not supplied in adequate amounts, crop growth can be seriously 
affected. (Review Chapter 1 for information regarding crop plant calcium and 
magnesium requirements.) Table 35 provides the amounts of calcium and 
magnesium used by various field crops. 



TABLE 35. Approximate amounts of calcium and 
magneium in harvested portions of various field crops 



Crop 



Yield 



CoIcUim 
(Pound!/ Acre) 



Magnesium 

(Pomdt/Acre) 



Corn (grain) 
Soybeans i^oin) 
Wheat (orain) 
Oats Coroln) 
Alfalfa 
Timothy 
Biuegrass 
Sugar beets 



150 bushels 
50 bushels 
60 bushels 
100 bushels 

6 tons 
2.5 tons 

2 tons 
30 tons 



12 
9 
2 
3 
168 
10 
18 
66 



10 
9 
8 
6 

32 
5 
6 

48 




FIG. 98. The toil pH affecti me number 
of r^trogeo-fixlno bacteria in the loii. For 
exonplo, a soli with a pH of 7.5 hot 
appfOKlmotefy tlx timet me nitrogen- 
fixing bocterio of o soli wim a pH of 6.5. 



LIMING INCREASES SOIL BACTERIAL ACTIVITY 

Liming acid soils also helps bacteria to grow and increase in number. One 
important soil bacteria species is the nodule-forming bacteria (rhizobia) of legume 
plants. Soil bacteria decompose organic matter which, in turn, releases nutrients 
such as nitrogen and phosphorus (review Chapter 4). As Figure 98 shows, the 
number of these bacteria present in the soil more than triples when the soil pH is 
increased from 5.6 to 7.0. Soil tests show that liming some acid soils can increase 
the amount of available nitrogen and phosphorus. 



LIMING INCREASES SOIL TILTH 

Limed soil grows crops superior to those grown in an acid soil. When these 
superior crops are plowed under and mixed with the soil, they are decomposed by 
soil bacteria. This decomposition improves the soil structure and results in 
improved soil tilth. In turn, improved soil tilth produces an increase in soil aeration 
(exchange of oxygen for carbon dioxide in the soil atmosphere). Proper soil aeration 
allows plant roots to absorb plant nutrients (e.g., potassium) at rates producing 
maximum crop yields. 
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LIMING REDUCES TOXIC SUBSTANCES 

Elements such as iron, manganese, and aluminum can be harmful to plants if 
present in high concentrations. Liming helps to reduce the amounts of these toxic 
(poisonous) substances in the soil. For example, suppose a test shows that a soil 
with a pH of 5.4 has 50 to 60 pounds of soluble aluminum per acre. Liming the soil 
to raise this pH to 6 would reduce the amount of soluble aluminum to llo 2 pounds 
per acre. 

LIMING INCREASES PLANT NUTRIENT AVAILABIUTY 

Liming acid soils increases the availability of many plant nutrients (e.g., 
nitrogen, phosphorus, potassium, calcium, magnesium, sulphur, and molybdenum). 
This improved soil condition increases crop yields. In turn, greater crop yields 
usually produce greater profits. On the other hand, liming to raise the pH to above 
7.0 can decrease the availability of some micronutricnts and phosphorus. For 
example, phosphoms has maximum availability between 6.5 and 7.0 pH. 



How Lime Is Lost from the Soil 



After an acid soil is limed to a desirable pH range of 6.5 to 7.0, periodic reliming 
is necessary because lime can be lost from soil through the following (see Figure 
99): 

1 . Leaching 

2. Soil erosion 

3. Crop removal 

4. Application of acid-fonning fertilizers 

The amount of lime lost from a soil varies depending on soil conditions, kind of 
fertilizer applied, and the amount of rainfall For example, in a study conducted in 
Ohio the crop rotation was com, wheat, and red clover. These crops were grown on 
a soil with 4 percent slope. The rainfall was average. Under these conditions the loss 
of agricultural ground limestone per acre per year was 651 pounds. These losses 
were due to the following: 

1. Crop removal - 91 pounds 

2. Erosion - 280 pounds 

3. Leaching - 280 pounds 

LEACHING 

Leaching results when water drains through the soil. This W2^er moves the 
nutrients away from the plant root zone (see Figure 99). Water moving through a 
silt loam soil can leach up to 90 pounds of calcium and 20 pounds of magnesium 
per acre per year Generally, a silt loam soil needs about 270 pounds of agricultural 
ground limestone per acre each year to replace the lime lost to leaching. 
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ocld-fofming f«rtlliz#rs - 

ammonium, anhydrous 
ammonia and uroa 
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;. :Ba^sic ions lost by leacWn^ V , ^ . Nitric and sutfuflcr/:v:;CI 



acids formed 



CCf?N PLANT 



Basic lor^s removed 
with crop 



Basic Ions lost by erosion 
^ Ca** Mg^ 
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FIG. 99. Soils become cold when tho basic eloments. such cs calcium, nxjoneslum. and potOMlum are removod from the soil. For example, 
large onnounts of rain cause tt>o hydrogen In the rain water to replace ttw bosic Ions In the so« parMces. Th^se baste Ions then loach out of the 
soft. Hydrogen tons are ofso formed vvtwi cx:ki-fofming nftro^jen fertfftzefs react with tf w soil. These hydrogen tons replace the bosJc Ions on the 
soil particles. If nitrates leoch out of so^, so do tt>e bosic ton; Rr>olfy, bosto tons con also be removed by crops and so^t eroston. 



SOIL EROSION 

Soil erosion is soil loss sometimes caused by 
water movement on the soil's surface (see Figure 
100). Erosion also causes nutrient loss. Soils with 
a 4 percent slope can lose up to 80 pounds of 
calcium and 30 pounds of magnesium per acre per 
year. Generally, soils subject to erosion require 
275 pounds of agricultural ground limestone per 
acre to replace lime lost through erosion. 



CROP REMOVAL 

As stated eariier, crops remove considerable 
amounts of calcium and magnesium from the soil. 
The amount of agricultural ground limestone 
required to replace these losses varies. It is 
estimated that producing a one-ton alfalfa crop 
requires 500 to 700 pounds of agricultural ground 
limestone per acre per year to replace the amounts 
of nutrients used by that crop. 




FIG. 100. Water movennent on tf^e soil's surfoce 
can remove torge anxKjnts of fertile soil. 
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ACID-FORMING FERTILIZERS 

Most nitrogen fertilizers increase soil acidity. These fertilizers are ammonium 
sulfate, ammonium nitrate, urea, anhydrous ammonia, nitrogen solutions (liquids), 
and ammonium phosphate. Nitrate feriilizers combined with sodium (sodium 
nitrate), potassium (potassium nitrate) and calcium (calcium nitrate) do not increase 
acidity. In fact, these fertilizers decrease acidity. 

Phosphorus and potassium fertilizers, such as superphosphate and muriate of 
potash, have little effect on soil acidity. 

How Nitrogen Fertilizers Cause Soil Acidity 

Nitrogen fertilizer causes soil acidity in a number of ways. For example, 
ammonium nitrogen fertilizer is oxidized by soil bacteria and forms nitric acid. 
Tliese bacteria also oxidize urea to form ammonium carbonate. In turn, ammonium 
carbonate oxidizes and forms nitric acid. Nitric acid is also produced by ammonium 
sulfate. In addition, the sulfate compound in ammonium sulfate fomis sulfuric acid 
(see Figure 99). 

Lime Is Required to Neutralize Acidity 

Lime is required to neutralize the acid formed by nitrogen fertilizers. For 
example, ammonium nitrogen fertilizer sources (except ammonium sulfate) require 
about 2.5 pounds of agricultural ground limestone to neutralize the acid formed 
from 1 pound of fertilizer. Ammonium sulfate requires about 7 pounds of 
agricultural ground limestone to neutralize the acid it forms from 1 pound of 
fertilizer. 



Amount of Lime to Apply 



Soil testing laboratories typically provide recommendations for llic amount of 
lime 10 apply. These recommendations arc determined by the following: 

K Soil's lime index 

2. Plowing depth 

3. Lime applications during the last two years 

4. Crops to be grown 

5. Soil type 

6. Use of agricultural ground limestone with a total neutralizing power (TNP) 
of 90 or more 
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For example, consider a field wiih ihc following characteristics: 

1. Soil lest index of 67 

2. Planned plowing depth of 7 inches 

3. No lime applications during the last two years 

4. Next crop to be grown is alfalfa 

Using this information, the soil testing laboratory determines that two tons of 
agricultural ground limestone should be applied per acre. If any changes are made in 
crop production plans, adjustments in the application amount must also be made. 



LIME TEST INDEX 

The lime test index is a two-digit number calculated by the soil testing 
laboratory. Although this number is used primarily by the laboratory, a crop 
producer can also use it to determine the lime required to obtain different pH levels. 
The lime test index was discussed in detail in Chapter 3 (sec Table 1 1 on page 55). 



PLOWING DEPTH 

As shown in Table 36, llie plowing depth helps to dctemiine the amount of lime 
to apply. Eight inches is the base or recommended plowing depth for incorporating 
lime. So, if you plan a shallower or deeper plowing depth, adjust the lime 
application as recommended in this table. 

A deep plowing depth involves more soil than a shallow plowing depth. 
Consequently, more lime is required for deep plowing than for shallow plowing (see 
Figure 101 on page 150). For example, if three tons of lime are needed for an eight- 
inch plowing depth, less than three tons arc needed for a six-inch plowing depth. As 
shown in Table 36, the amount of lime required for a six-inch plowing depth is 
calculated by multiplying 0.75 by 3 tons; this equals 2.25 tons. Likewise, if the 
plowing depth is 10 inches, multiply 1.25 by 3 tons. These calculations show that 
3.75 tons of lime arc needed for a 10-inch plowing depth. 



TABLE 36. Adjustments In tt^e amount of lime to apply for a specific plowing depth 



Plowing Doptti Mulfipiying 
(ifx:hes) Factor 



3 0,38 

6 0.75 

7 0,88 



8 BASE ]m 

9 1.13 

10 1.26 

11 1.38 

12 1.50 
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FIG 10) Tho plowing dopfh dotormines how mLx:h ilnr>0 to appfy. Deop plowing requira nrxxe llmo than shallow plowing. 



PREVIOUS LIME APPLICATIONS 

Since most liming materials do not react immediately in the soil, allowance is 
made for lime applied in the previous two years. This allowance is known as lime 
crt?dit. Lime credit assumes that 50 percent of the lime applied in the last two years 
is still active. If coarse material is used, less lime is available atone lime; but it 
continues to react in the soil for a longer lime period. 



CROPS TO BE GROWN 

Figure 53 in Chapter 3 (page 54) shows the tolerance of various crops to soil 
acidity. For example, if alfalfa is the crop to be grown, a pH of 7 is needed. 
However, for grain crops such as com, a pH as low as 5,5 may be satisfactory. 



SOIL TYPE 

The soil's lime requirement is affected by several conditions, such as soil 
texture, clay lypc, pH level, organic matter percentage, and aluminum content. 

As Table 37 shows, the lime requirement increases as the soiFs particle fineness 
increases. This due to the soiFs cation exchange capacity. For example, clay has a 



TABLE 37. The amount of agflcultura! ground (imestone roquirGd to raise the pH on various Ohio soils 



_ TONS^OF LIME REQUIRED 

SoIITyp« Rtglon FrompH FfompH FrompH FrompH 

(Soil Name and Texture) In Ohio 4.StoS 5 to 6 6 to 7 4Jto7 



Piainfieid sand 


Northwest 


— 


0.80 


1.00 


1.80 


Canfield silt loam 


Central 


— 


1.30 


2.15 


3.45 


Clormont silf loam 


Southwest 


0.80 


1.10 


1.75 


365 


Crosly Silt loam 


West centre 1 


1.00 


1.85 


4,40 


7.25 


Miami siir loam 


Soutt^west 


— 


1.35 


2.65 


4.00 


Muskingum silt loam 


East 


1.20 


1.40 


2.15 


4.75 


Piainfieid loamy sand 


North central 


0.60 


1.50 


2.35 


445 


Mahoning silty clay loam 


Northeost 


1.20 


2.95 




4,15 


Trumbull silty clay loam 


Northeast 


1.00 


2.00 


4.15 


7.15 


Vincent silty clay loam 


Southeast 


1.75 


175 


200 


5.50 


Upshur clay 


Southeast 




1,7U 


2.55 


4.25 


Mahoning silty clay loam 


Northeast 




6,00 







higher cation exchange capacity than silt; therefore, clay requires more liming 
material to neutralize acid. Likewise, silt has a higher cation exchange capacity than 
sand; so silt requires more lime to neutralize acid. Therefore, if three different soils 
have the same pH level, the one with the highest cation exchange capacity has more 
total acidity to neutralize and requires more liming material. The figures in Table 37 
show that Piainfieid sand requires much less liming material to reach a pH of 7 than 
Vincent silty clay loam requires to reach the same pH. 



Liming Material Selection 



As noted earlier, the soil test report from the Research-Extension Analytical 
Laboratory recommended the use of agricultural ground limestone with a 90+ total 
neutralizing power. In general, this is the best material for many crop growing 
situations. However, if several liming materials are available, it is important to 
know the characteristics of these different materials. When selecting liming 
materials, remember they are applied to correct soil acidity over a short time period 
and to supply the correct proportions of calcium and magnesium, Consider the 
following items when selecting your liming material: 
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1. Material fineness 

2. Total neutralizing power 

3. Material grade 

4. Moisture content 
5* Material cost 
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FINENESS 

The Ohio Lime Law specifies that liming material fineness must be stated on 
the materiars delivery invoice. Liming material fineness is determined by the 
amount of material that can pass through screens of different sizes. Screen sizes arc 
determined by the number of openings per linear inch of mesh in the screen. For 
example, an eight-mesh screen has eight openings per inch; a 100-mesh screen has 
one hundred openings per inch (see Figure 102). Therefore, the more material that 
can pass through a screen, the finer the material. Common screen sizes are 8, 20, 60 
and 100 mesh. 

A material is given a fineness efficiency rating determined by that material's 
ability to pass through a particular screen size. Table 38 provides examples of 
fineness efficiency ratings. Efficiency ratings are assigned because finer lime 
provides more limestone surface area in the soil. Figure 103 illustrates this concept. 
For example, a one-inch cube has 6 square inches of surface area. If this one-inch 
cube is divided into quarter-inch cubes, the total surface area is now 96 square 
inches or 16 times that of the one-inch cube. The more surface area exposed, the 
faster a chemical reaction takes place. Therefore, fine liming materials work faster 
in the soil than coarse materials (see Figure 104). 



FIG. 102. Eight-, sixty-, and one hundred- 
mesh scnoens. 
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FIG. 103. When a one-inch cube is divided into haft-inch cubes, the surfoce area is increased four tinges. 
Consequently, when the hatf-^nch cubes are dlvWed into quofter-lnch cubes, tt^e surfoce area Is increased 
16 tlnnes over that of the one-inch cube. In other words, the smolier the cubes, the more surface area 
exposed In the sarr>e volufT>e of material. 



TABLE 38. Rneness efficiency ratings for liming 
materials passing through various screen sizes 
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Fineness 


Rating 


Matarlai passing a 60-mesh screen 

Material passing a 20-mesh, but not a 60-mesh screen 

IVIaterlal passing an 8-mesh. but not a 2O-m0Sh screen 


100 
60 
20 
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EffietMcy of Uming Mat«f1ait 
D#p#ndls Oil Porncte Stet 




FIG, ICM. Efficiency of liming materials varlos with particlQ size or 
finenoss. Tha finer the miaterial tho fosfer if reacts In the soil. Reaction 
time also varies witfi type of soil and liming materiel- 
(Ccuff0sy Picsnt Food R^vi^w) 



TOTAL NEUTRALIZING POWER Cm 

Total neutralizing power indicates a liming material's capacity to neutralize 
soil acids. It gives a liming material's strength based on calcium carbonate 
content. Pure calcium carbonate has a total neutralizing power of 100. Therefore, 
when comparing hming materials, assume a material's neutralizing power number 
is equivalent to its calcium carbonate content 

A given weight of magnesium carbonate corrects 1 .2 times as much soil acidity 
as the same weight of calcium carbonate because these materials have different 
molecular weights. Dolomitic limestones contain magnesium; therefore, they have 
a higher neutralizing power than calcitic limestones which contain calcium. 

Hydrated limes also have a high neutralizing power (130 to 160) because the 
calcium or magnesium source is calcium oxide or magnesium oxide, respectively. 
By weight, these oxides contain more calcium or magnesium than carbonates. 

When the total neutralizing power of a liming material is less than 90, make 
adjusmicnts in the amount of material applied to offset its lower neutralizing power 
(see Table 39 on page i54). 



LIMING MATERIAL GRADES 

The Ohio Lime Law specifies that the liming material grade must be shown on 
the material's invoice. A wide variation in liming material fineness is permitted 
within each maricct grade (see Table 39). 
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TABLE 39. Equivalent amounts of liming materlois (bosed on TNP and flnonoss) 















Pounds to 










Fln«n«u 
% Passing M*sh slz* 




Equal On* Ton 
of Asrtculturol 

Ground 
UnrMston* - 


%of 
Agricullurai 
Ground 
Lirmston* 


Grad» 


TNP 


100 


60 


20 


8 


90+ TNP 


to Apply 


AGRICULTURAL LIMESTONES AND/OR SLAG (air coolod) 


nyarui bu 




90 


95 


98 


100 


1,000 


50 


Hydroted 


130 ' 140 


90 


95 


98 


100 


1.200 


60 


Ag-supoffin© 


90+ 
SO -89 


80 

80 


95 
95 


100 
100 


100 
100 


1,600 
1,800 


90 


y ' u » V \7 ( 1 1 uf vi 


90+ 

80-89 


60 
60 


70 
70 


95 
95 


1K3 
100 


1,700 
1.900 


86 
95 


Ag-gfound (base) 


90+ 


40 


50 


70 


95 


2.000 


100 




80-89 


40 


50 


70 


95 


2.300 


115 


Ag-fin© moal 


90+ 
80-89 


30 
30 


40 
40 


60 
60 


65 
85 


2.500 
2,800 


125 
140 


Ag-coarso meal 


90+ 
80 to 89 


20 

20 


30 
30 


50 
60 


80 
60 


2,900 
3,200 


145 

160 


Agfinescroonlngs 


90+ 
80-89 


10 
10 


20 
20 


45 
45 


60 
60 


3,400 
3.800 


170 
190 


Ag-coofS0 scfGonings 


90+ 

80-89 


5 
5 


15 
15 


40 
40 


60 
80 


4.000 
4,300 


190 
215 


AGRICULTURAL GRANUU\TED SU\G (water cook>d) 


Ag-gronutated slag 


90+ 

80-89 


10 

10 


15 

15 


60 
60 


95 

95 


2.000 
2.300 


100 
115 



(Courtosy Ohio AgfOfx^my Guido) 



Liming material grades arc commonly classified according to the chemical 
forms of the calcium and magnesium they contain - that is, whether they are oxides, 
hydroxides, or carbonates. 



Oxide of Lime 

Oxide of lime is commonly known as burned lime or quicklime. This material 
is finely ground and usually marketed in bags. Although oxide of lime has a high 
neutralizing power, it is more caustic than limestone and disagreeable to handle. 

Hydroxide of Lime 

Hydroxide of lime, commonly known as hydrated lime, has a high neutralizing 
power. This material - finely ground and sold in bags - is produced by adding water 
to burned lime. This process is called skaking and accounts for the term skaked 
lime, which is also used to refer to hydratcd lime. I ill) 
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Carbonate of Ume 



The remainder of ihe materials listed in the following section contain calcium or 
magnesium in the carbonate form. Pulverized or ground limestone is the most 
common material. Ground limestone grades are determined by material fineness, 
not by loial neutralizing power (see Table 39). 

CALCITE AND DOLOMITE UMESTONE 

As stated earlier in this chapter, limestone carries two important elements: 
calcium and magnesium. If a limestone carries mainly calcium, it is calcite and 
consists mostly of calcium carbonate. However, if the limestone carries both 
calcium and magnesium, it is dolomite and consists mostly of calcium magnesium 
carbonate. The soil's calcium-magnesium ratio determines whether a calcitic or 
dolomilic limestone must be applied, (See Chapter 3 for ratio determination 
methods.) Actually, calcitic and dolomitic limestones are not true limestone grades, 
but it is important to know the sources of these elements when correcting some acid 
soil conditions. 

Limestone grades, according to the Ohio Lime Law, arc primarily classified 
according to material fineness. The limestone grades appearing in Table 39 are 
listed in order of material fineness (beginning with the finest). Table 39 also shows 
that a difference in neutralizing power may be found within the same grade. 
Following are some common limestone grades and their descriptions: 

1 . Agricultural superfine - This superfine grade is used when a rapid change in pH 
is desired and cost is not a critical factor. Generally, the high cost of agricultural 
superfine is prohibitive, even though it requires 20 percent less than the less 
expensive agricultural ground limestone to produce .the same results. 

2. Agricultural pulverized - This material, although similar to agricultural 
superfine, is less fine and usually less expensive. However, it is more expensive 
than agriculmral ground. 

3. Agriculmral ground - This grade accounts for a large percentage of purchased 
liming materials. The prices of other liming materials are based on the price of 
agricultural ground. 

4. Agricultural meal - This material is coarser than agricultural ground. 
Consequently, more meal must be applied to produce the same results in the 
same time period as agricultural ground. Although more agricultural meal is 
required to do the job, a cost comparison may show it is equal to the cost of 
using agricultural ground limestone. Agricultural meal is available in two grades 
determined according to material fineness: /I/ie and coarse. 

5. Agricultural screening - To produce the same results, twice as much 
agricultural screening is needed as agricultural ground limestone. This can result 
in higher delivery and application costs. To be competitive, the cost of 
agricultural screening should be no more than half the cost of agricultural 
•ground limestone. As with agricultural meal, two grades are available: and 
coarse. 



6. Agricultural granulated slag - This material is a byproduct of the steel industry. 
There are two forms of slag: air cooled and water cooled. Table 39 gives the 
properties of water-cooled slag. Most slags vary in water content. The water 
content depends on the time elapsed since the slags were water cooled and the 
amount of recent rainfall on slag stockpiles. Slags are applied in the same 
amounts as agricultural ground limestone. 

7. Marl - This material contains shell fragments and calcium carbonate precipitated 
in ponds. Due to its high water content, it is sold by the cubic yard rather than by 
the ton. 

8. Gypsum - This material does not correct soil acidity. However, since its 
chemical fomi is calcium sulfate, it docs add calcium and sulfur to the soil. 



MOISTURE CONTENT 

The Ohio Lime Law docs not require that liming material invoices state the 
material's moisture content. Nor it; there any provision for checking the material's 
moisture content. However, if a liming material contains more than 5 percent 
moisture, make an adjustment in the application amount (see Table 40). 

Slag can be spread at a liighcr moisfre content than limestone. Usually, 
limestone must contain less than 8 percent moisture in order to promote uniform 
spreading of the material. However, some samples of granulated slag containing 40 
percent moisture arc just as sprcadable as limestone. 

COMPARING MATERIAL COSTS 

Use the following procedure to compare costs of two different limestone grades 
(e.g., agricultural ground and agriculture meal): 

1 . First, use the information presented in Table 39 to determine their equivalent 
weights. For example, determine the pounds of agricultural meal required to 
equal 2,000 pounds of agricultural ground if their total neutralizing powers are 
the same. The answer appears in column seven: 2,500 pounds agricultural meal 
equal 2,0(X) pounds of agricultural ground. 

TABLE 40. Moisture correction table for liming matoflais 



Moistur* IncrcaM Material Molstur* 

Cont«nt{%} Wslghf byThisP«rc«nt Rating 



0 to 5 no correction 100 

6 to 10 5.3 95 

lOtolS 11.1 90 

15to20 17.7 85 

20 to 25 25.0 80 

25 to 30 33.2 75 

30 to 35 42.7 70 

36 to 40 53.7 66 

40 to 45 62.7 1 I' O *° 

45 to 50 81.0 55 
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2. Ncxi, consider the delivery and application cost per ton for the two materials. 
For example: 

• The delivery and application cost for agricultural gnaund is $12.00 per ton. 

• Tlie delivery and application cost of agricultural meal is $10.00 per ton. 

3. Now use the following formula to calculate the competitive costs of agricultural 
meal and agricultural ground: 

Agricultural ground as Cost per ton of 

the base is 2,000 pounds x agHcultural ground 

Equiviilent amount of agricultural meal to equal 
2,000 pounds of agricultural ground 

2,000 x 512.00 



Therefore, to be competitive with agricultural ground at $12.00 per ton, 
agricultural meal must cost $9.60 per ton rather than $10.00. 



Liming Material Application 



Wlicn applying liming materials, consider the following factors: 

1. Application time 

2. Application method 

Since most crop producers buy their liming materials from a supplier, the 
application methods are often determined by the equipment the supplier has. These 
suppliers are usually equipped to spread the liming material on the producer's 
fields. Therefore, many times the crop producer chooses only the application time. 



APPLICATION TIME 

Liming materials can be applied at any time of year and at any point in the 
cropping sequence. However, consider the following when determining a liming 
material application time: 

1. It is preferable to apply liming materials before growing the crop with the 
highest pH requirement. This is usually a legume crop, such as alfalfa. 

Liming materials are usually applied at the time of year most suitable to the crop 
producer and the supplier. Usually this is in late summer or autumn when the 
soil is dry and firm and able to support heavy spreading equipment, 

m3 
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3. If crop producers wail until spring to apply liming materials, they run the risk of 
encountering wet, soft soil. These soil conditions result in mired spreading 
equipment and soil compaction. Sometimes these conditions completely prevent 
liming material application. 

4. If liming materials are applied in summer or fall, the lime is able to dissolve and 
react with the soil during the v.'inlcr. Whr^n the following growing season 
arrives, the soil is ready for the crops. 

5. If five or more tons of lime are needed per acre, make two applications: half 
before plowing and half bcforc soil finishing. This procedure promotes thorough 
mixing of the lime and soil. For best results, apply liming material at least six 
months before a legume seeding. 

6. Established hay or pasture fields can be limed anytime during the year if soil 
conditions arc suitable. During the growing season, it is preferable to apply the 
liming material after harvesting the hay crop, and when pasturc plants arc short 
from grazing or clipping. 



APPLICATION METHOD 

Apply liming material evenly: uneven coverage or distribution results in uneven 
crop growth. Following is a list of some typical liming material application 
eqiupmenl; 

1. Twin fan spreader - As the name implies, two fans spread the liming material: 
one fan runs clockwise and the other runs counterclockwise (see Figure 105). A 
fan spreader provides adequate material distribution; however, if it is windy, 
some material may blow away. 

2. Hood spreader - This spreader places the material close to the soil surface (see 
Figure 106). During windy conditions, a hood spreader allows less material drift 
than a fan spreader. 

3. Tube spreader - This spreader delivers an even amount of lime to tubes 
positioned on ih? spreader (see Figure 107). These tubes Uien place the liming 
material close to the soil in an action similar to that of an augen 

In conclusion, remember that an adequate liming program is the foundation of 
good crop production. If you cannot afford to buy all the liming and fertilizing 
materials recommended by soil tests, buy the liming materials first. Liming material 
application corrects the soil pH and makes nutrients more available to plants. This 
creates a better environment for plant roots and produces high crop yields. 
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FIG 105. Tho fans on this twin-fan spfooder run (n diffefont 
directions; one clockwiso and tho othar counterclockwiso. 





FIG 107, This tubo spreader ©veniy plocos the Cming maforlal C^^v 
to fho soil s surface. fCoufwy ffct>«f/s F>aias»«as. inc . Cov^fo/i, Oftc) 
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Practical Application 



The following exercises or activities will help you select and apply the most 
suitable liming material for field crop production. Check the box as each item is 
completed. 

1. Take a class field trip to a local lime supplier. 

□ Obtain samples of each liming material. 

□ Determine the cost per ton of each liming material. 

□ Obtain information from supplier regarding magnesium and calcium 
content. 

□ If possible, ask supplier to demonstrate spreading equipment. 



2. Determine the fineness efficiency rating of liming materials. 



Resources 

• One or two lime grade samples 

• Screens (8-, 20-, and 60-mesh) 

• Pencil and notebook 

• Scales 

• Several paper bags or similar containers 

• Calculator (optional) 



Procedure 

□ Weigh a one- or two-pound sample of each lime grade. 

□ Screen each material (grade) through each of the three screens 
(8-, 20^, and 60-mesh), 

□ Weigh each material passing through screens. 

□ Rccoid each weight in following chart. 

□ Calculate the fineness efficiency rating. 

□ Record the information on the following form. 









Material 


Material 


Material 


Fineness 


Name or CJrade of 


Cost/ 


Weight of 


through 


through 


through 


Efficiency 


Liniinfj Material 


Ton 


Sample 


60-mesh 


20-mesh 


8-mesh 


Rating 








(weight %) 


(weight %) 


(weight %) 






Am. 



3. Compare cost of two or more Imiing materials using agricultural ground 
limestone as the base. 

Resources 

• Pencil and notebook 

• Cost IX? r ton of each liming material 

• Calculator (optional) 

Procedure 

□ Muliiply ihc cost per Ion of agricultural ground limestone by 2,000 (pounds 
per ton) 

□ Divide by tlic equivalent weight of another liming material found in Table 
39 on page 154. 

□ Compare answer with material cost. 

□ Record infomiaiion on the following fonn. 



Liming 
Material 


rincness 
Efficiency 
Rating 


Pounds to 
Equal One Pound 
Agricultural Ground 


TNP 


Cost 
of 
Material 


CostAl on to 
Equal Cost of 
Agricultural Ground 


Agricultural 
Ground Limestone 












Material 
#1 












Maicrial 
#2 












Maierial 
#3 
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l:%llowing is alistoJfistt^itant'^k^j^tjadMt^ chapter. t^Jyo^,.^ 
"^define them?, ' 
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agricultural granulated slag " 
agricultural ground , ; >\ ^ ^ ^ ' 
'agricuUunatncai V . — ; 
agricultural pulveri2:ed \ 
, agricultural screening 
agriculuiral superfine _ 
base plowing deptli T \, ;y ^ . 
burned lime _ ^ , ^ \' \ ' ^ ^ 
calciic, ' — ~ " 
calcilic limestone ^ . ;^ 
calcium carbonate content . ^ ^ 
carbonate '^'^ ~ c 
.caibonate of lime ^ ^ > ^ . ^ 
dolomite .^^^ / 

dolomitie limestone ~ ^ ^ 
fineness eOiciency rating / ^ , 
gypsum ' ^ . . ! \ 

hood spreader 

hydraled Ume (hydroxide of lime) 

hydroxide 
leaching ' 

Umc credit 



';1irac test index V ' ^ - ^ ^^7^. ^ \ 
viiming material fineness ;^ 
^ liming mateaial grade - " 

^marr' ^-r t '\ . ^ ^ ' 
^ moisture content ; ^ - ^ 

^^phlolJmeM^/x^, ^ ^ - \. ^ 
;'>xide ;":v^X ' V'- ^ ^ 
"{oxide of lime ^^>^' ~ ^ < 

. primary nutrients,- : 
"^:quicklime^" ' ^ ~ 

'-'«ccoitdary plant nutrients 

''-soil acidity .y-^ 

:slcakedlime., •. ~ . , 

^sltayng ' 

soil erosion— 
^ sou tilth ^ 

s total neutralizing power (TNP) 
toxic 

tube spreader ^ 
twin fan sprcidcr 
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